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SUMMARY 
Coronary Heart Disease (CHD) is one of the most common causes of mortality in 
industrialised societies, and it has been demonstrated elsewhere that shift workers 
have an increased risk of developing CHD compared to day-workers. One possible 
explanation for this increased risk is that a shift worker may show inappropriate 
postprandial responses to a night-time meal, when their biological clock is not adapted 
to the night shift. This could lead to an elevation in the circulating levels of certain 
hormones and metabolites, such as triacylglycerol (TAG) and insulin, which are 
lmown to be risk factors for CHD. This thesis investigated the relationships between 
meal times and postprandial hormone and metabolic responses in simulated and real-
life shift-workers. 
The work is presented as three major clinical trials. In the frrst of these, a combination 
of timed bright light and darlmess/sleep was used to induce a gradual 9-hour phase 
advance in 12 healthy subjects, who then underwent a rapid 9-hour phase delay. 
Three meal study days were arranged, to occur during the baseline condition, 
immediately after the rapid phase delay, so that the subjects effectively had "simulated 
jet lag", and two days later. Blood parameters measured included plasma glucose, 
insulin, proinsulin, C-peptide, non-esterified fatty acids (NEF A), TAG and glucose-
dependent insulinotropic polypeptide (GIP). Substantial differences in plasma TAG 
and NEF A were observed in the postprandial responses when the subjects consumed 
an identical meal immediately after the rapid phase delay, compared with during the 
baseline conditions. Two days after the rapid phase delay, subjects showed 
intetmediate hormone and metabolite levels, suggesting that the b.iological clock had a 
major effect on these postprandial responses. 
In the second study, day and night-time postprandial responses were compared in a 
simulated shift work environment, and the effectiveness of a nwnber of potentially 
beneficial procedures was investigated. These included alterations to the content ef 
the meal conswned prior to the night shift, bright light exposure during the night shift, 
and a daytime rest period prior to the night shift. As in the frrst study, significant 
differences were seen in a nwnber of hormones and metabolites on the night shift, 
---------------------------------- ----- -
compared with during the day. The content of the previous meal, bright light 
exposure and a daytime rest period prior to the night shift all had significant effects on 
the night-time postprandial responses. The most exciting discovery made was that a 
single 8-hour night-time bright light exposure significantly lowered the TAG 
postprandial responses on the simulated night shift. 
As all the work conducted up until this point had utilised simulated conditions, it was 
important to illustrate that similar differences in postprandial responses at night-time 
could be demonstrated in "real-life shift workers". Thus, nine midwives were 
recruited from the Royal Surrey County Hospital, and studied on four occasions. This 
allowed comparison of postprandial responses on both day and night shifts, and also 
allowed further investigation of the effect of altering the content of the previous meal. 
Significant differences were again found in a number of blood parameters when the 
night-time and day-time responses to the test meal were compared, with the most 
striking being a delayed NEF A rise on the night shift, compared with during the day. 
In conclusion, this series of studies have illustrated that the human body responds 
differently to a meal consumed at night-time, compared with during the day, both in a 
simulated and a real-life environment. This results in variations in the levels of a 
number of known CHD risk factors, and may be linked with the elevated CHD risk 
reported in shift workers. Alteration to the meal prior to the night shift, exposure to 
bright light during the night shift, and instituting a rest period prior to the night shift, 
were all shown to be potentially beneficial in· reducing the variation between day and 
night-time responses. 
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CHAPTER! 
GENERAL INTRODUCTION 
1.1. INTRODUCTORY OVERVIEW 
This chapter is designed to provide a description of the pertinent backgroood work 
that led to this series of studies being conducted. Initially, an outline of the relevant 
metabolic and hormonal parameters is provided, together with a summary of current 
knowledge concerning biological rhythms. Following this, some of the problems 
associated with shift work are outlined, with particular focus on Coronary Heart 
Disease and its many associated risk factors. Finally, the aims and objectives of this 
series of studies are detailed. 
1.2. THE PANCREAS -INSULIN, PRO INSULIN AND C-PEPTIDE 
Four major cell types are foood in the pancreatic islets ofLangerhans. Each of these 
cell types secretes a different peptide: A cells (glucagon), B cells (insulin), D cells 
(somatostatin), and PP cells (pancreatic polypeptide). Generally, the B cells are 
foood in a central position, whilst the A, D, and PP cells are mostly in the periphery 
(Orci and Unger, 1975). 
Insulin is a polypeptide, with a molecular weight of approximately 6000 Daltons, 
consisting of two chains, named A and B, which are linked by two disulphide bonds. 
There is a third disulphide bond, linking two cysteine residues within the A-chain. 
Proinsulin is a larger precursor form of insulin in which there exists a connecting 
peptide, known as C-peptide, between the A- and B-chains. Enzymatic cleavage of 
proinsulin results in the formation of equimolar amooots of insulin and C-peptide, as 
indicated infigure 1.1. 
It has been known for more than a century, that removal of the pancreas caused 
diabetes in dogs (Von Mering and Minkowski, 1890). By 1922, Banting and Best had 
extracted insulin from the pancreas of dogs, and had also illustrated its potential in 
coooteracting diabetes in these animals. It was not ootil the early 1950s that ｴｨｾ＠
amino acid sequence of insulin was determined (Sanger and Tuppy, 1951 ), and its 
two-chain structure was established shortly afterwards (Ryle et al, 1955). Following 
this, the fact that insulin is stored and synthesised in the B cells of the islets of 
Langerhans was illustrated using fluorescent antibody techniques (Lacy, 1959). 
Some years later, proinsulin was isolated (Steiner and Oyer, 1967). Approximately 
ten years later, pre-proinsulin was identified as the initial insulin precursor (Chan et 
al, 1976). 
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In the B-cells of the Islets of Langerhans, pre-proinsulin is synthesized on the 
ribosomes. As this precursor molecule passes across the cisternal membrane of the 
rough endoplasmic reticulum, a 24 amino acid chain is excised from the amino-
terminus, to leave proinsulin. Proinsulin is transported in microvesicles to the Golgi 
complex of the cell, where it is packaged, together with specific proteolytic enzymes, 
which are inactive at this time, into 'early' secretion granules. Subsequently, these 
granules mature into B-granules, during which time the proteases are activated, and 
convert proinsulin into insulin via two pathways by specific cleavage of the C-
peptide, as shown infigure 1.1. 
FIGURE 1.1: Conversion ofproinsulin to insulin and C-peptide 
Type II endopeptidase 
DES-64, 65 PROINSULIN 
Type I endopeptidase 
& carboxypeptidase H 
PRO INSULIN 
INSULIN AND C-PEPTIDE 
Type I endopeptidase 
& carboxypeptidase H 
DES 31, 32 PROINSULIN 
Type II endopeptidase 
& carboxypeptidase H 
Figure 1.1 illustrates the conversion of pro insulin to insulin and C-peptide. 
Once the C-peptide is removed, the biologically active insulin molecule becomes 
exposed. Eventually, the membranes of the mature B-granules fuse with the cell 
surface membrane, and both insulin and C-peptide are released into the bloodstream, 
together with small amounts ofproinsulin and proinsulin intermediates (O'Riordan et 
al, 1988). 
Insulin mainly has glucoregulatory effects in liver, muscle and adipose tissue. In the 
liver, it inhibits the production of glucose by inhibiting gluconeogenesis and 
glycogenolysis, and also promotes glucose storage. In muscle and adipose tissue, it 
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stimulates the uptake, storage and use of glucose (Moller and Flier, 1991). Insulin 
also has a major role in the regulation of protein and lipid metabolism through a 
variety of actions that affect the flux of protein and lipid substrates (F elig and 
Bergman, 1990). 
1.3. FACTORS AFFECTING INSULIN SECRETION 
1.3.1. Glucose 
One of the main regulators of insulin release is the blood glucose concentration. A 
rise in blood glucose stimulates the release of insulin, whilst a fall in blood glucose 
suppresses its secretion. The amount of glucose in the circulation depends on its 
absorption from the intestine, uptake by and release from the liver, and uptake by 
peripheral tissues (O'Riordan et al, 1988). Blood glucose concentrations rise 
following absorption of carbohydrate from the intestine. After a meal or an oral 
glucose load, absorption occurs rapidly and blood sugar reaches a peak within an hour 
of ingestion. Uptake of glucose by the peripheral tissues, and hepatic glucose output, 
is regulated by the concentration of circulating insulin. The concentration of 
glucagon is also important in the regulation of the amount of glucose in the 
circulation by decreasing its storage as glycogen in the liver, and glucagon is 
depressed following absorption of glucose. However, the hormonal responses which 
occur after a protein-rich meal (or following administration of an amino acid-rich 
mixture) will induce changes different from those of orally administered glucose. In 
particular, amino acids cause increased release of insulin and glucagon, and also of 
growth hormone, to stimulate uptake of amino acids into muscle cells, while 
maintaining the serum glucose concentrations which are required for utilisation of the 
amino acids by peripheral tissues. 
After a meal, glucose is converted into glycogen in the liver and muscle, and to fatty 
acids and triacylglycerol in the liver and adipose tissue. However, in the periods 
between meals or during a fast, the most tightly regulated process is the release of 
glucose from the liver. This is particularly important in maintaining the concentration 
of glucose in the circulation to supply tissues such as the brain, which has limited 
ability for using other fuels. During fasting, amino acids are released from muscle, 
and are used to form pyruvate in the liver, from which glucose is formed by the 
enzymes of the gluconeogenic pathway. At the same time, glucose is produced from 
glycogen by activation of the enzyme, phosphorylase, in order to maintain serum 
glucose concentrations. In addition, fatty acids are released from adipose tissue, and 
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converted to ketone bodies in the liver. Fatty acids, as well as ketone bodies, are then 
used as an energy source in place of glucose by various tissues, particularly muscle, 
thus reducing the amount of glucose needing to be synthesised by metabolism of the 
amino acids from muscle cells (O'Riordan et al, 1988). 
1.3.2. Gastrointestinal hormones 
1.3.2.1. The entero-insular axis 
The secretory response of the endocrine pancreas is much greater (up to 50%) after 
oral glucose than after intravenous administration of an equivalent amount (Elrick et 
al, 1964; Mcintyre et al, 1964; Perley and Kipnis, 1967). This connection between 
the gut and the pancreas has been termed the 'enteroinsular axis', and the intestinal 
secretagogues are termed 'incretins'. An incretin is a hormone produced in the 
gastrointestinal tract which is released by nutrients (especially carbohydrates) and 
which potentiates glucose-stimulated insulin secretion from the pancreatic B-cell (Lu 
et al, 1993). 
1.3 .2.2. Glucose-dependent insulinotropic polypeptide 
Gastric inhibitory polypeptide/Glucose-dependent insulinotropic peptide ( GIP) was 
the first incretin to be isolated in 1969-70 (Brown and Dryburgh, 1971 ). In response 
to oral glucose, GIP is released from the enteroendocrine K cell and augments 
glucose-stimulated insulin secretion both in vivo and in vitro (Brown, 1982). 
Furthermore, synthetic human GIP has effects on insulin release in man at 
concentrations similar to those found in the blood after an oral glucose load (Fuessl et 
al, 1990). However, when antiserum to different epitopes of GIP was administered to 
rats, only 20-50% of the incretin effect was lost, suggesting the presence of other 
undiscovered incretins (Levin et al, 1979; Ebert and Creutzfeldt, 1982; Ebert et al, 
1983). 
1.3.2.3. Glucagon-like peptide-1 
In 1987, came the frrst report of the potent insulin releasing activities of glucagon-
like peptide-1 (GLP-1) (Mojsov et al, 1987). There are four GLP-1 pepttdes. GLP-
1(7-37) and GLP-1(7-36) amide, the predominant circulating form of the peptide, 
both have effects on pancreatic B-cells (Bell et al, 1983; Mojsov et al, 1986; Weir et 
al, 1989). GLP-1(1-37) and GLP-1(1-36) have no activity. GLP-1(7-36) is released 
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into the circulation in response to an oral glucose load and potentiates glucose-
stimulated insulin release (Fehmann et al, 1992). Although it has been suggested that 
GLP-1 is a more potent insulinotropic hormone in man than GIP (Kreymann et al, 
1987), it circulates at much lower levels than GIP and both peptides appear to be 
important in the modulation of insulin secretion. 
1.4. LIPID METABOLISM 
1.4.1. Triacylglycerol and non-esterified fatty acids 
Triacylglycerols (TAG) are formed by the esterification of glycerol with fatty acids, 
and their synthesis is outlined infigure 1.2. 
FIGURE 1.2: Synthesis of TAG 
Glycerol-3-phosphate 
R-CoA'-i 
1-acylglycerol-3-phosphate 
ｒＭｃｯａｾ＠
1 ,2-diacylglycerol-3-phosphate 
ｈ Ｒ Ｐｾ＠
H3P04 ...-. 
Diacylglycerol 
R-CoA'-i 
Triacylglycerol 
Figure 1.2 outlines the synthesis of TAG from glycerol-3-phosphate .. Adapted from 
Durrington (1995). 
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Almost all of the body's fat stores exist in the form of TAG in adipocytes. During the 
process of fat mobilisation, hormone-sensitive lipase (HSL) hydrolyses stored TAG, 
releasing non-esterified fatty acids (NEF A) and glycerol into the circulation, as 
shown in figure 1.3. HSL is phosphorylated on serine 552 by protein kinase A 
(Langin et al, 1996), and its major form of regulation is via reversible 
phosphorylation. 
FIGURE 1.3: Release ofNEFA from TAG 
CH20COR CH20H 
I I 
CHCOOR +3H20 • CHOH +3Rcoo- ＫＳｾ＠
I HSL I 
CH20COR CH20H 
Figure 1.3 illustrates the release of NEFA from TAG via the action of hormone-
sensitive lipase (HSL). 
Lipolysis is stimulated by effectors which increase the activity of adenylate cyclase in 
adipocytes, leading to the conversion of ATP to cyclic AMP. Elevated cyclic AMP 
concentrations activate protein kinase A. Adenylate cyclase is stimulated by 
hormones, acting via cell-surface receptors, and Gs proteins. A common pathway 
involves catecholamines acting via 13-adrenoceptors (Coppack et al, 1994). 
When the cyclic AMP concentration falls, dephosphorylation of HSL occurs. This is 
mediated through insulin, which lowers adipocyte cyclic AMP concentrations by 
activation of the cyclic GMP-inhibited phosphodiesterase, phosphodiesterase Ill 
(Smith et al, 1991). Other regulators lower cyclic AMP by direct inhibition of 
adenylate cyclase. 
HSL activity is increased at times when adrenergic activity predominates over insulin 
(e.g. in exercise or starvation); it is suppressed when insulin predominates (e.g. after a 
meal). Thus, fat mobilisation is suppressed after meals. This is logical, as at this 
time there is no need for the body to mobilise its own fat stores, and it is geared 
towards fat storage. 
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In the postprandial state, lipoprotein lipase (LPL) is activated in adipose tissue by 
insulin (Ong and Kern, 1989) and possibly also by some gastrointestinal peptide 
hormones (Oben et al, 1992). LPL is synthesized within adipocytes, and is exported 
to the capillary endothelial cells, where it is attached to the luminal side of the 
capillary wall and acts on circulating TAG present in chylomicrons and very low 
density lipoproteins (VLDL ). LPL releases, fatty acids that may be taken up into the 
tissue for esterification, and thus storage as TAG. It is more active against 
chylomicron-TAG (Potts et al, 1991), so that after a meal, the rate of action of LPL 
increases both because of hormonal activation and because of a change in the nature 
of the substrate presented to it. The remainder of the fatty acids released by the 
action of LPL enter the systemic circulation (Roust and Jensen, 1993). Previously 
published work (Frayn et al, 1994; 1995) has suggested that, at the time of maximal 
LPL action, which is 3-5 hours after the meal, 50-75% of the fatty acids released by 
LPL may enter the systemic circulation directly. Hence, the fatty acid constituents of 
plasma NEF A change after a meal, to reflect the fatty acids present in the meal 
(Karpe et al, 1992). It has been further suggested that a high fat pre-meal may affect 
the postprandial NEF A response to a meal five hours later (Frayn et al, 1996). 
1.4.2. Lipoproteins 
1.4.2.1. Introduction 
TAG and cholesterol are both hydrophobic molecules, and are thus transported 
around the body in specialised structures, called lipoproteins. These are particles with 
a highly hydrophobic lipid core and a relatively hydrophilic outer surface. Each 
lipoprotein particle is associated with at least one apolipoprotein. These have 
hydrophobic domains dipping into the core of the particle, and hydrophilic domains 
that are exposed at the surface. Lipoproteins are commonly classified according to 
their flotation in an ultracentrifuge. 
1.4.2.2. Chylomicrons (CM) 
Dietary fat is transported in CM particles. These have a core of TAG and cholesteryl 
ester, and a surface of unesterified cholesterol and phospholipid, and the 
apolipoproteins (apo) B48 and A1. CM particles interact with other particles in the 
circulation, rapidly acquiring apoCII, and thus making them substrates for LPL as 
they pass through adipose tissue and muscle. Hence, TAG is hydrolysed, and the 
particles shrink. These smaller CM particles are termed "chylomicron remnants", and 
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are relatively rich in cholesteryl ester, since they have lost their TAG. When they 
reach a certain size, they become ligands for a receptor in the liver (Almond, 1994). 
1.4.2.3. Very Low Density Lipoproteins (VLDL) 
VLDL are secreted by the liver, and transport TAG from the liver to other tissues. 
They contain TAG, cholesteryl ester, apoB 100 and small amounts of apoE and apoC, 
although the levels of these apolipoproteins increase rapidly in the plasma because of 
transfer from other particles, especially HDL. This makes the TAG in the VLDL 
susceptible to hydrolysis by LPL. The resultant cholesteryl ester-enriched particles 
may be taken up by the LDL receptor, or may diminish in size further, so becoming 
LDL particles. 
1.4.2.4. Low Density Lipoproteins (LDL) 
LDL transport cholesterol to the tissues. They contain apoB100, have a half-life in 
the circulation of approximately 3 days, and are removed from the circulation through 
uptake by the LDL receptor, which was frrst described by Goldstein and Brown in 
1974. For those tissues in which this occurs, cholesterol levels increase, causing a 
resultant suppression of cholesterol biosynthesis and LDL receptor synthesis. There 
are some cells however, especially macrophages, which express different receptors 
capable of taking up LDL particles. These are not subject to down-regulation like the 
genuine LDL receptor, and thus the macrophages may become excessively laden with 
cholesterol. This may be important in the development of atherosclerosis (see section 
1.9.1.). 
1.4.2.5. High Density Lipoproteins (HDL) 
HDL remove cholesterol from the tissues, for transport to the liver and excretion. 
They contain phospholipid, free cholesterol, apoA and apoE. They receive 
apolipoproteins from CM and VLDL during lipolysis. Esterified cholesterol is 
transferred from the HDL particles to the VLDL and LDL particles by the cholesterol 
ester transfer protein (CETP) for removal from the plasma via the LDL receptors in 
the liver (Almond, 1994). 
The major components and roles of each of the different sub-types of lipoprotein are 
summarised infigure 1.4. 
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FIGURE 1.4: A summary of the different lipoprotein sub-types 
Chylomlcrons 
VLDL 
LDL 
HOL 
carry dietary triglycerides 
from gut 
normally absent from fasting 
plasma 
major triglycereoe-carrying 
particle in fasting plasma 
secreted by liver 
precursor of LDL 
usually contains about 70% of normal serum cholesterol 
delivers cholesterol to tissues for metabolic purposes 
atherogenic 
removes cholesterol from tissues for transport to liver 
and excretion (reverse cholesterol transport) 
usually contains 20 to ＲＵｾ［Ｌ＠ of total serum 
cholesterol 
concentration higher in women and 1ncreased by regular 
aerobic exercise 
anti -atherogenic 
Figure 1.4 summarises the major components and roles of the lipoprotein sub-types. 
VLDL= Very Low Density Lipoproteins, LDL= Low Density Lipoproteins, HDL= 
High Density Lipoproteins. Adapted from Almond (1994). 
1.5. INSULIN RESISTANCE 
It has been reported that glucose tolerance deteriorates in the evening, and insulin 
output increases (Carroll and Nestel, 1973). Resistance to insulin-stimulated glucose 
uptake is present in the majority of patients with impaired glucose tolerance (IGT) or 
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non-insulin dependent diabetes mellitus (NIDDM) (Shen et al, 1970; Bogardus et al, 
1984). However, insulin resistance is not confined to individuals with abnormal 
glucose tolerance, and resistance to insulin-stimulated glucose uptake comparable to 
that seen in patients with NIDDM exists in approximately 25% of non-obese 
individuals with normal oral glucose tolerance (Hollenbeck and Reaven, 1987). The 
difference in the degree to which glucose tolerance deteriorates in these various 
groups may be a function of the ability of the B-cell to compensate for the defect in 
insulin action. 
Significant fasting hyperglycaemia occurs in patients with insulin resistance, in 
association with circulating plasma insulin concentrations that are comparable in 
absolute terms to those of normal individuals (Moller and Flier, 1991 ). If resistance 
to insulin-stimulated glucose uptake is present, deterioration of glucose tolerance can 
only be prevented if the B-cell is able to increase its insulin secretory response and 
maintain a state of chronic hyperinsulinaemia (Bergman et al, 1985). This has 
consequences for coronary heart disease risk, as discussed in a later section. When 
this cannot be achieved, gross decompensation of glucose homeostasis occurs. 
The detrimental effects of insulin resistance are not solely restricted to carbohydrate 
metabolism. Insulin has a major role in the regulation of postprandial lipid 
metabolism. Under normal circumstances, it activates LPL, and hence chylomicron-
TAG hydrolysis; thus the circulating TAG pool is minimised, as is neutral lipid 
exchange with HDL (exchange of HDL-cholesterol ester for TAG in the TAG-rich 
lipoproteins). In addition, insulin suppresses both the release of NEF A from adipose 
tissue, and secretion ofVLDL-TAG from the liver. 
During insulin resistance, these processes become resistant to the normal suppressive 
effect of insulin; thus, hepatic VLDL-TAG secretion may continue in the postprandial 
period, with enlargement of the circulating TAG pool. The failure of postprandial 
activation of LPL compounds this, and neutral lipid exchange with HDL is 
maximised, so that elevated plasma TAG concentrations and depressed HDL-
cholesterol result (Frayn, 1993). Some of the effects of insulin resistance are outlined 
infigure 1.5. 
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FIGURE 1.5: Implications of insulin resistance on lipid metabolism 
ADIPOSE TISSUE 
ｎｅｆａｾ＠
LIVER 
GUT 
VLDL-TAG 
CM-TAG 
CIRCULATING TAG POOL 
LPL 
GLYCEROL+ NEFA 
Figure 1. 5 illustrates some of the implications of insulin resistance on lipid 
metabolism. The actions of insulin are marked in red CM= Chylomicron, LPL= 
Lipoprotein lipase, NEFA= Non-esterified fatty acids, TAG= Triacylglycerol, VLDL= 
Very low density lipoprotein. Adapted from Frayn (1993). 
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1.6. DIURNAL VARIATION IN HORMONAL AND METABOLIC 
PARAMETERS 
It has been well established for some time that, in healthy volunteers, insulin 
resistance increases in the evening, and insulin output also increases (Carroll and 
Nestel, 1973; Jarrett and Keen, 1969; 1970; Hampton, 1983). A similar circadian 
pattern of insulin resistance has been illustrated in patients with NIDDM (Boden et a/, 
1996), whilst patients with IDDM have been shown to have an exaggerated rhythm 
when compared to healthy volunteers (Garrel et a/, 1992), and obese volunteers 
illustrated no rhythm at all (Lee et a/, 1992). The importance of circadian 
rhythmicity when considering insulin resistance has been supported by work 
associating insulin secretion with the cortisol rhythm (Plat et al, 1996) and the 
nocturnal peaks of growth hormone (Trumper et a/, 1995). 
Perhaps the most appropriate method of investigating circadian rhythmicity is the use 
of constant routine technology. This has been done using a constant infusion of 
glucose (Van Cauter et a/, 1991 ), and hourly consumption of a standardised liquid 
meal (Morgan et a/, 1998). In both studies, a rhythm of insulin levels was observed, 
with highest levels in the night-time hours. 
Less research has been targeted at investigating any circadian rhythm aspects of 
lipids. In one study (Romon et a/, 1997), thirteen young and healthy male volunteers 
consumed a standardised meal at night (0100h) and during the day (1300h). The 
mean postprandial concentration of TAG was found to be higher at night than during 
the day. TAG levels were also found to be elevated at night, compared with during 
the day, when constant routine technology was employed (Morgan et a/, 1998). 
1.7. BIOLOGICAL RHYTHMS 
1. 7.1. Introduction 
Biological rhythms, which vary in periodicity, exist in all eukaryotic organisms. 
Rhythms can be either externally imposed, internally generated, or more commonly, a 
combination of both these two factors. Internally generated rhythms are known as 
circadian (derived from the Latin: circa diem - about a day), circannual (about a 
year), circalunar. Those rhythms with a periodicity of less than a day (e.g. pulse rate) 
are known as ultradian, whilst those with a periodicity of more than a day (e.g. the 
oestrus cycle) but less than a year are referred to as infradian rhythms. Circadian 
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rhythms act to program temporally the daily sequence of metabolic and behavioural 
changes, and may also serve as reference points for annual changes. 
1.7.2. Free-running rhythms 
An endogenous rhythm displays its endogenous period (or tau), when time cues are 
absent, and is referred to as a free-running rhythm. Free-running experiments, such 
as those performed by Wever in the late 1970s (Wever, 1979) usually confme 
subjects in an isolation unit, hence removing environmental cues. Although such 
experiments are artificial, they have indicated the presence of an endogenous body 
clock in humans which free-runs in the absence of external time cues. 
The manifested endogenous period is an inheritable characteristic. It is dependent 
upon species and individual differences, experimental conditions and on previous 
environmental conditions. Circadian tau in humans can vary from extremes of 20 
hours to 28 hours (Czeisler, 1978; Minors and Waterhouse, 1981). However, these 
estimates have recently been revised to give an average tau of 24.2-24.3 hours 
(Middleton et al, 1997). The environmental factors which entrain or synchronise a 
rhythm to a given periodicity are referred to as zeitgebers (time-givers). 
1.7.3. Zeitgebers 
Zeitgebers involved in the entrainment or synchronisation of circadian rhythms to the 
environment include the light/dark cycle (Wever et al, 1983; Honma et al, 1987), 
temperature (Aschoff and Wever, 1981 ), social cues and rhythmic feeding (Aschoff et 
al, 1971) and knowledge of clock time. The most important of these, by far, is the 
light/dark cycle (Czeisler et al, 1986; Lockley et al, 1997). A zeitgeber of period T 
would force endogenous rhythms to run with a period ofT, so that in each cycle, the 
zeitgeber would change the tau by t-T (where t is the endogenous period of the 
rhythm). Hence, if the endogenous period of a circadian rhythm is longer than 24 
hours, synchronisation to 24 hours requires a phase advance of the pacemaker each 
day by that amount, and if the tau is less than 24 hours, then the pacemaker must be 
phase delayed each day. 
1.7.4. Phase response curves 
Phase response curves (PRC) assist us in understanding the process of entrainment, in 
which daily phase shifts correct the intrinsic free-running period to match the 
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zeitgeber period. Conventionally, light pulses are used to investigate the control of 
circadian rhythms. Previous research has demonstrated that appropriately timed 
bright light exposure can phase shift the human circadian pacemaker (Arendt and 
Broadway, 1986; Czeisler et al, 1986). These findings have led to the establishment 
of a PRC for. bright light, which predicts the magnitude and direction of shift of the 
circadian pacemaker (Minors et al, 1991; Van Cauter et al, 1994), and is illustrated in 
figure 1.6. 
Exposure to bright light in the subjective evening will induce a delay phase shift, 
whilst subjective morning exposure will induce an advance phase shift (Czeisler et al, 
1986; 1989; Eastman and Miescke, 1990). Phase response curves allow the 
prediction of the effects of light treatment at different times of day, and therefore can 
be used therapeutically in conditions where there are underlying circadian rhythm 
disturbances, such as in jet lag. 
FIGURE 1.6: The light phase response curve 
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Figure 1.6 illustrates the phase response curve to light, as first outlined by Minors et 
a/ (1991). Mean phase shifts were plotted as a .function of time of the mid-point of the 
light pulse relative to the time of rectal temperature minimum (Tmin). 
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1.7.5. Masking 
The light/dark cycle is the major synchroniser of circadian (and seasonal) rhythms. 
When external factors significantly modify an endogenous rhythm in addition to 
synchronising it, the rhythm is considered to be masked. Examples of masking of 
circadian rhythms include the suppression of melatonin secretion by light, which was 
first illustrated by Lewy and colleagues (1980), the rapid increase in body 
temperature with bright light (Strassman et al, 1991) and the stress-induced increase 
of cortisol secretion. 
1. 7 .6. The Biological Clock 
Endogenous rhythms are driven by a pacemaker, the biological clock. Much research 
has been aimed at discovering the location of the biological clock. In the 1960s, it 
was shown that perception of light by the circadian system was independent of the 
primary optic tracts (Axelrod et al, 1966; Moore et al, 1967). The 
retinohypothalamic tract (RHT), a bilateral projection to the suprachiasmatic nucleus 
(SCN) of the hypothalamus, was frrstly identified in rodents (Moore et al, 1971 ), and 
then in other mammals (Moore, 1973). This discovery focused attention on the SCN 
as a potential biological clock. Following further work by a number of investigators 
(Rusak and Zucker, 1979; Nagai et al, 1982), it is now generally accepted that the 
major biological clock in higher vertebrates is situated within the SCN of the 
hypothalamus, whereas in some birds and lower vertebrates, the pineal gland itself is 
the principle rhythm generator {Takahashi and Zatz, 1982). In mammals, the SCN 
serves as a 'master pacemaker' in the control of a wide array of behavioural and 
physiological rhythms, including locomotion, sleep/wake, thermoregulation, 
cardiovascular function, and many endocrine processes (Moore, 1983). 
1.7.7. Components of a circadian system 
Generally speaking, a circadian system has three components: an input pathway for 
entrainment of the pacemaker, the pacemaker itself, and an output pathway for the 
expression of overt rhythms. An example of this is the mammalian melatonin rhythm 
generating and entraining system. The input is the retina-retinohypothalamic tract, the 
SCN acts as a pacemaker, and the output is along neuronal connections to the pineal 
gland. Together, these form the basic structures for perceiving and transducing the 
non-visual effects of light, and transmit information concerning light/dark cycles to 
body physiology, particularly for the organisation of circadian and seasonal rhythms. 
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The rhythmic activity of the SCN is entrained to the 24 hour day primarily by the 
light/dark cycle (Moore and Klein, 1974). 
Lesions of the SCN lead to the loss of normal circadian rhythms in many mammalian 
species (Rusak and Zucker, 1979). A few circadian rhythms persist after SCN 
ablation, such as anticipatory behaviour prior to feeding and visual sensitivity, 
suggesting the presence of other pacemakers. Recently, a pacemaker has been 
reported in the mammalian retina (Tosini and Menaker, 1996; 1998). 
1. 7 .8. Melatonin 
As mentioned previously, a major output pathway of the biological clock leads to the 
pineal gland, which releases the hormone melatonin (N-acetyl-5-methoxytryptamine ). 
Neuronal pathways connect the retina to the pineal via the hypothalamic SCN. 
The pineal gland is a small unpaired structure, essentially an appendage of the brain. 
Frequently, it is closely associated with the third ventricle of the brain, and the area of 
the third ventricle receiving the pineal stalk is known as the pineal recess. The 
mammalian pineal gland is a secretory organ, but retains some elements of its 
photoreceptive function in lower vertebrates. 
Melatonin is produced primarily in the pineal gland, although there is evidence that 
extra pineal sources of melatonin exist. Melatonin has been found in the retina (Osol 
and Schwartz, 1984; ｒ･､ｾｵｭ＠ and Mitchell, 1989; James et al, 1995) where it is 
synthesised, as well as in small amounts in the intestine. It is of interest to note that 
in mammals, if the pineal gland is removed, circulating melatonin levels are very low 
to undetectable, and arrhythmic (Arendt et al, 1980; Neuwelt and Lewy, 1983). 
1. 7 .8.1.Melatonin synthesis 
Melatonin is synthesised from the dietary amino acid, tryptophan. In healthy human 
beings in a normal environment, and indeed in all other species studied, melatonin is 
synthesised and secreted during the night, and is present at only low levels during 
daylight hours. Due to this secretory pattern, melatonin is often referred to as the 
'darkness hormone'. 
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1.7.8.2. Control of melatonin synthesis 
A multisynaptic pathway via the sympathetic nervous system maintains and entrains 
the rhythmic synthesis and secretion of melatonin (Klein, 1979). The circadian 
variation in secretion is generated in the SCN. A neural pathway of post-ganglionic 
sympathetic nerves from the superior cervical ganglion release noradrenaline, which 
acts through the adrenergic receptors on the pineal gland cell membrane 
(pinealocytes) to stimulate the production of melatonin at night. Noradrenaline binds 
to membrane-bound pinealocyte B-receptors, and to some extent a-receptors, leading 
to an increase in pineal cyclic AMP. The increase in cAMP is essential for the 
induction of N-acetyltransferase activity, leading to the onset of melatonin synthesis 
and secretion. 
The light/dark cycle synchronises SCN activity, such that during the day, the activity 
of the SCN is stimulated. This ultimately inhibits the release of noradrenaline from 
sympathetic neurones in the pineal gland, suppressing melatonin production, and thus 
providing the internal body clock with a time cue. 
1.7.8.3. Sites of action of melatonin 
The SCN has been proposed as a site for a feedback action of melatonin on the 
pacemaker, thus helping to regulate the circadian timing system (Cassone, 1991). 
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The development of I -iodomelatonin has led to advances in identification of high-
affinity, saturable, specific and reversible melatonin binding to cell membranes. The 
two main binding regions are the SCN (Vanecek et al, 1987) and the par tuberalis of 
the pituitary gland (Williams and Morgan, 1988). Three distinct melatonin receptor 
subtypes (Mella, Mel1b and Melle) have been cloned (Sugden et al, 1997). 
A possible feedback response of the biological clock to melatonin can be seen in 
vitro. McArthur et al (1991), and later, Mason et al (1993) demonstrated that 
exogenous melatonin acts directly within the SCN in culture to phase shift the 
circadian rhythmicity of neural activity. This feedback system on the SCN may allow 
melatonin to modulate the phase relationship between the circadian system and the 
environmental light/dark cycle which can alter the duration (and timing) of the 
melatonin signal on a daily basis. 
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1.8. THE PROBLEMS FACED BY SHIFT WORKERS 
1.8.1. Introduction 
It is clear that many industries require their workers to cover the entire 24-hour 
period, with some of the more obvious examples including the nursing profession, oil 
rigs, power stations and flight crew. Others, such as the manufacturing industry, gain 
a significant financial advantage if their employees work through the night, because 
of the resultant increase in productivity and decrease in "down-time". Hence, both 
because of necessity and for financial reasons, shift work is considered to be a vital 
ingredient of industry, and this is in spite of the fact that shift work, especially night 
shift work, is widely considered to have detrimental effects on the well-being of 
workers. Most night shift workers do not adapt their internal clock to their imposed 
work schedule, and in consequence, they work and sleep "out of phase", although 
there are a few exceptions (Midwinter and Arendt, 1991; Ross et al, 1995; Barnes et 
al, 1998). Most deleterious effects can be related to this circadian desynchrony. 
These effects can be divided into three groups, which are considered here:-
1.8.2. Social effects. 
Shift work has detrimental effects on the social and family lives of the workers 
(Bunnage, 1984; Walker, 1985). Shift workers may often be asleep when the rest of 
their family and social acquaintances are awake, and even if they are awake, they may 
be more fatigued and irritable than normal if they are "recovering" following a 
previous night shift. Hence, shift work causes a decrease in the quality and quantity 
of time available to spend with family and friends. Smith and F olkard ( 1993) studied 
the problem from a different angle when they researched the feelings of shift workers 
partners. More than half of those surveyed rated themselves as either "fairly 
unhappy" or "very unhappy" about their partner's shift work, whilst approximately 
one-third admitted trying to persuade their partner to give up shift work at some time. 
1.8.3. Performance-related effects 
Approximately 85% of workers report that they feel sleepy on the night shift 
(Akerstedt and Gillberg, 1981 ). This fatigue results from a combination of sleeping 
out of phase with the biological clock, and periods of extended wakefulness. Under 
many shift systems, a worker may move directly on to a night shift following a day 
shift, so that they are continuously awake for 24 hours. In addition, the level of 
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alertness decreases during a series of night shifts because of the shorter and more 
fragmented day-sleep (Akerstedt, 1988). 
The increased fatigue suffered by night shift workers might be expected to correlate 
with an increased accident rate. This possible correlation has been a topic of much 
debate amongst workers in this field, with some groups reporting more accidents on 
night shifts, others more on day shifts, and yet more finding no difference between 
the two. Any confusion is probably due to the variability of the work environments 
studied, as night shift workers in one field may work harder in relation to their 
corresponding day shift workers, than those in another field. Comparing identical 
tasks on night and day shift, a clear increase in accident rate was seen (Smith et al, 
1994). In addition, the length of time that the subjects have been on night shift may 
be relevant, because of the accumulation of sleep debt as a block of night shifts is 
conducted. It is interesting to note that the two recent nuclear accidents at Three Mile 
Island (1979) and Chemobyl (1986), and the Bophal disaster (1984), all started at 
night-time ( 4am, 1.25am and 12.57am respectively). "Human error" is often blamed 
in these situations, and it seems likely that this might be due to a combination of 
sleep-related factors and the circadian rhythm of alertness and performance (Mitler et 
a/, 1988). 
One further aspect which requires consideration in this field of research is the 
potential increased risk for night shift workers, compared with day workers, of being 
involved in road traffic accidents whilst travelling home after a shift (Akerstedt et al, 
1994). One group compared rotating shift workers with permanent day workers, and 
discovered that there is a statistical likelihood that, over a five year period, almost 
every one of the rotating shift workers would have either a road traffic accident or a 
near-miss because of sleepiness (Richardson et al, 1990). A further study suggested 
that driving skills varied amongst truck drivers, with slower driving at night, a higher 
variability of speed, and a higher variability of lane position (Gillberg et al, 1996). 
Both objective and subjective sleepiness were clearly higher at night. 
A number of alertness-enhancing drugs have been considered as a countermeasure to 
fatigue during the night shift, but their feasibility in occupational settings has yet to 
be properly established (Akerstedt and Ficca, 1997). An alternative to drug therapy 
has been suggested by Gillberg and colleagues (1996). They illustrated that a short 
daytime nap significantly improved performance and alertness. A 
mathematical/computer model has recently been developed (Akerstedt and Folkard, 
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1995; 1997), which may allow evaluation of the sleep-related safety risk of shift 
schedules. 
1.8.4. Health effects 
1.8.4.1. Sleep and psychoneurotic disorders 
Shift workers, and particularly night shift workers, are known to suffer a decrease in 
both the quantity and quality of sleep (Kogi, 1982; Akerstedt, 1990). One likely 
explanation involves the difficulties in sleeping during the day (e.g. noise, social and 
family commitments) when on night shift. Indeed, some workers have shown that 
environmental interference, such as noise, can both shorten sleep duration, and 
interfere with the composition of sleep (Knauth et al, 1980). 
During the morning shift periods when the last few hours of sleep are omitted, there 
is known to be a significant reduction of the "paradoxical sleep" (or REM sleep), 
which is normally prevalent in the second part of the sleep period, and is considered 
essential for the maintenance of the psychological well-being. Alternatively, when 
workers are sleeping during the day because of night shift, there is a reduction of the 
"deep sleep", which is considered essential for recovery from physical fatigue (Costa, 
1996). 
Much evidence indicates that environmental interference is not solely responsible for 
these reported sleep disturbances (Akerstedt and Torsvall, 1981). Work conducted at 
the Karolinska Institute, in Sweden, has suggested that there may be a circadian 
influence on the shorter day-time sleep duration reported by night shift workers 
(Akerstedt, 1984). In one study (Gillberg and Akerstedt, 1982), six subjects, who 
were isolated from environmental time cues, went to bed at different times of day. 
Total sleep duration was found to decrease by more than three hours when the 
subjects went to sleep at 11 OOh, as opposed to 2300h, despite the fact that the time 
prior to sleep had increased from 16 hours to 28 hours. When the time prior to sleep 
was increased further, the total sleep duration started to increase again, and reached a 
maximum at 1900h. This indicates the existence of a circadian influence on sleep 
duration. Such a theory is further supported by the results found in desynchronised 
subjects during long-term isolation studies, which indicated that sleep was related to 
the circadian phase of the body temperature rather than the time of day (Czeisler et al, 
1980; Zulley et al, 1981 ). 
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In the long run, not only may this lead to permanent and severe disturbances of sleep, 
but it may also be related to nervous disorders such as depression and anxiety (Costa 
et al, 1981; Koller, 1983; Gordon et al, 1986). 
1.8.4.2. Gastrointestinal disorders 
During the night, it is normal for the gastrointestinal system to "rest", so that enzymic 
activity, intestinal motility and gastric emptying rates are lower than during the day. 
Unfortunately, this coincides with the time when night shift workers will be 
consuming meals. In addition, although the calorific content remains the same on 
various shifts, night shift workers often eat food of a lesser quality, with an increase 
in processed food and caffeinated "pep-up" drinks, such as tea and coffee (Costa, 
1996). 
It has been suggested by a variety of workers (e.g. Rutenfranz, 1982) that between 20 
and 50% of shift workers suffer from some form of gastrointestinal disorder, such as 
disturbances in appetite, irregularity in bowel movements with prevalent constipation, 
dyspepsia, heartburn, abdominal pains, grumbling and flatulence. Workers may also 
develop serious diseases such as chronic gastritis, gastroduodenitis and peptic ulcer. 
Some studies have shown the incidence of peptic ulcer to be between 2 and 5 times 
higher among night shift workers compared with day shift workers (Rutenfrantz, 
1982). 
It certainly seems likely that there is a circadian aspect involved. A study of the 
incidence of ulcer perforation in approximately 1500 Norwegian patients (Svanes et 
a/, 1998) illustrated pronounced circadian and six-month rhythmic variations. 
Duodenal perforations showed highest incidence in the afternoon, and also illustrated 
significantly higher incidence in May/June/July, and in November/December. The 
circadian pattern of duodenal perforations is similar to that reported for gastric acidity 
(Merki et al, 1988; Savarino et al, 1993). 
1.8.4.3. Cardiovascular effects 
There is conflicting data concerning coronary heart disease (CHD) risk among shift 
workers. Approximately fifteen studies have investigated the potential association 
between shift work and CHD. Of the larger studies, most report that shift work 
conveys a relative risk of approximately 1.4 (Kawachi et al, 1995; Tenkanen eta/, 
1997; Knutsson et a/, 1997), although some have failed to find such an association 
1-22 
(Taylor and Pocock, 1972; McNamee eta/, 1996). This may be due, at least in part, 
to difficulties in the methodology. Firstly, it is difficult to fmd a comparable 
"control" group, and any variations seen between shift workers and day workers 
might be due to differences in risk between occupational categories, or in socio-
economic status. For example, night work frequently involves routine production 
tasks. Secondly, when considering a long-term study comparing middle-aged shift 
workers and day workers, any possible increased CHD risk might be diluted by those 
shift workers who had retired due to health problems, or switched to become day 
workers. Only when all possible confounding factors have been taken into 
consideration can the data be considered robust. Thus, the general consensus is that 
in a well-controlled study, shift work will be found to convey an increased risk of 
CHD development of between 30 and 50%. 
The disease itself is considered in more detail here:-
1.9. CORONARY HEART DISEASE 
1.9.1. Introduction 
In the healthy heart, the muscular walls of the chambers of the heart, known as the 
myocardium, are responsible for pumping blood through the lungs, and around the 
rest of the body. Blood is supplied to the myocardium via arteries which branch from 
the aorta as it emerges from the left ventricle. These arteries encircle the heart, 
somewhat like a crown, and are thus referred to as the coronary arteries. 
Coronary heart disease (CHD) refers to either a complete or partial blockage of one or 
more of the coronary arteries which supply blood to the myocardium, resulting in a 
deficiency in the supply of fuel and oxygen to the heart, and hence decreasing the 
heart's ability to pump blood around the body. CHD commences with the 
accumulation of fatty deposits in the arterial wall (a process known as 
atherosclerosis), which can restrict the blood supply to the myocardium. Initially, this 
restriction may exhibit itself as chest pains during exercise (angina), when the 
demand on the myocardium is increased. As the disease develops, complete 
occlusion of the artery may occur as a result of a blood clot at the site of one of the 
fatty deposits. Such an event is variably termed as a myocardial infarction, or a 
coronary thrombosis, or most simply, as a heart attack. This process is outlined in 
figure 1.7. 
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FIGURE 1.7: The progression of atherosclerosis towards the occurrence of a 
myocardial infarction 
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Figure 1. 7 illustrates the progression of atherosclerosis towards the occurrence of a 
myocardial infarction. Adapted from McMurray (1998). 
The resultant local disturbances to contraction of the heart can lead to disturbances in 
the electrical coordination of contraction, and the heart may go into uncoordinated 
fluttering (ventricular fibrillation) or complete stoppage (asystole or cardiac arrest). 
In addition, the region of myocardium supplied by the affected artery may necrose. 
CHD is the commonest cause of death in many countries, including the United 
Kingdom. Of those people in the UK who die before the age of 65, approximately 
one in three men and one in five women do so from CHD (Gandhi, 1997). It is 
somewhat breathtaking to realise that someone in the UK dies as a result of CHD 
approximately every three minutes (British Heart Foundation, 1996). CHD is also a 
cause of massive morbidity and cost in the UK, as indicated in table 1.1. 
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TABLE 1.1: Mortality, morbidity and cost ofCHD in the UK 
> --300,000 deaths every year. 
> Responsible for 11% of all days lost to ill health. 
> Responsible for 66 million lost working days. 
> Cost of £860 million in government benefits. 
> Cost of £3 billion in lost production to industry. 
> Cost of £1500 million to NHS. 
> 5000 NHS beds/day. 
Table 1.1 illustrates the impact of CHD on mortality, morbidity and cost in the UK. 
Adapted from the British Heart Foundation (1996). 
In recent times, a number of risk factors for CHD have been identified, the most 
important of which are considered here. 
1.9.2. Coronary heart disease risk factors 
1.9.2.1. Smoking 
Tobacco smoking is a modifiable CHD risk factor, with various detrimental effects on 
cardiovascular function. These include acute increases in blood pressure and 
coronary vascular resistance, reduction in oxygen delivery, enhancement of platelet 
aggregation, increased fibrinogen (Ernst and Resch, 1993), and depression of HDL 
cholesterol (Rigotti and Pasternak, 1996). Smokers have also been shown to have an 
increased waist-hip ratio (Shimokata et al, 1989; Barrett-Connor and Khwa, 1989). 
The Framingham study (Castelli, 1990) suggested that people smoking one packet of 
cigarettes per day had double the CHD risk of non-smokers. Further work has shown 
that the CHD risk of people who stop smoking declines towards that of the non-
smoking population (Weintraub, 1990), even among individuals who stop smoking 
only after the age of 65, or after developing the clinical manifestations of CHD 
(Rigotti and Pasternak, 1996). Tsevat (1992) used a computer simulation model to 
calculate that cessation of smoking could increase the life expectancy of a smoker by 
several years. 
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1.9.2.2. Hypertension 
Evidence that diastolic blood pressure is directly related to the risk of CHD has been 
provided by a nwnber of studies (Collins and MacMahon, 1994; Kannel, 1993). 
Together, they have illustrated that as diastolic blood pressure increases, so does the 
risk of CHD. There appears to be no threshold below which there is no further 
reduction in risk, and no "J-shaped" curve indicating a raised risk at lower blood 
pressures. 
Systolic pressure has also been shown to be a strong predictor of death from CHD. It 
has been calculated that men with a systolic pressure of 142mmHg have a three times 
greater risk of death than those with a systolic pressure of 118mmHg (Neaton and 
Wentworth, 1992). 
1.9.2.3. Obesity/Exercise 
Lavie and Milani (1997) studied CHD risk in 235 obese patients compared with 353 
non-obese patients. The obese patients were found to have more systemic 
hypertension, together with higher levels of total cholesterol, TAG, fasting glucose 
and LDL-cholesterol, and lower HDL-cholesterol. A sub-group of 45 of the obese 
patients who obtained a weight reduction of >5% during the course of the study, 
showed more significant improvements in total cholesterol, TAG, HDL-cholesterol, 
LDL-cholesterol and LDL/HDL ratio than 81 of the obese patients who did not lose 
weight. 
A nwnber of studies have investigated the potentially beneficial effects of physical 
exercise on CHD risk. Dhawan and Bray ( 1997) found that the mean serum insulin at 
0, 1 and 2 hours after a 75g oral glucose challenge was significantly higher among 
260 sedentary male patients compared with 131 who exercised regularly. In addition, 
mean body mass index, mean serum TAG, and systolic and diastolic blood pressures 
were also significantly higher amongst the sedentary population, although there was 
no difference in mean serum cholesterol or high-density lipoprotein between the two 
groups. 
In a large 20-year follow-up population study of 7142 men, aged 47-55 years at 
baseline, and without symptomatic CHD (Rosengren and Wilhelmsen, 1997), men 
with physically demanding work had a slightly higher mortality rate from all causes 
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of death, but not from CHD, although the significance disappeared when allowance 
was made for the effect of smoking, occupational class and alcohol intake. However, 
men who were physically active during leisure time had a lower risk of death from 
CHD, which was independent of other risk factors. A cohort study of 1340 men and 
1500 women, aged 35-63 years (Haapanen et al, 1997) also found a preventative 
effect of leisure time physical activity on CHD. 
It is unproven whether women and men receive the same protective effect of physical 
exercise. Some work has suggested that they may do so (Folsom et al, 1997), whilst 
another study suggested that the improvement in risk factors may be less pronounced 
in women (Ponjee et al, 1996). 
1.9 .2.4. Alcohol 
A number of workers have reported a "J-shaped" association between alcohol intake 
and CHD (Keil et al, 1997; Manttari et al, 1997; Rehm et al, 1997; Hanna et al, 
1997), with moderate alcohol consumers having a lower risk of developing CHD than 
both light and heavy drinkers. Other studies have also suggested that low to moderate 
alcohol consumption may have a protective effect when considering CHD risk 
(Klatsky et al, 1997; Klausen et al, 1997), whilst consumption of little or no alcohol 
may be a CHD risk factor (Klausen et al, 1997). Wannamethee and Shaper (1997) 
have suggested that the protective effect of alcohol may not be present in older 
people. 
The mechanism involved in the association between alcohol and CHD probably 
involves a number of factors. Alcohol has been reported to increase blood pressure 
(Manttari et al, 1997), a known CHD risk factor as discussed previously, but also to 
increase HDL-cholesterol (Manttari et al, 1997), a known CHD preventative factor. 
One possible explanation has been provided by Lazurus et al ( 1997), based on the fact 
that circulating insulin levels have been associated with CHD risk, as discussed 
below. Subjects consuming moderate amounts of alcohol had the lowest fasting 
insulin and insulin resistance values. Compared to the values of these moderate 
drinkers, fasting insulin and insulin resistance was found to be higher in those 
subjects reporting no alcohol intake, very low intake or high intake, thus suggesting a 
similar "J-shaped" relationship between alcohol and insulin as has been described 
between alcohol and CHD. 
1-27 
1.9.2.5. Cholesterol 
It is very well documented that an elevated blood level of total cholesterol is 
associated with an increased risk of developing CHD (Corti et al, 1997; Enas, 1996; 
Iribarren eta/, 1996). In addition, it has been shown that lowering the cholesterol 
level, either by medical intervention (Gould et al, 1998) or by improvements in the 
diet (Pietinen et al, 1996) leads to a decrease in CHD risk. When considering how an 
elevated blood cholesterol level might arise, Enas ( 1996) suggested that the level of 
dietary cholesterol was only a minor contributor to the blood cholesterol level. 
Grimes et al (1997) have hypothesised that sunlight deficiency could increase blood 
cholesterol levels by permitting squalene metabolism to progress to cholesterol 
synthesis, rather than to vitamin D synthesis, as would occur normally. This 
hypothesis was supported by their finding of increased cholesterol levels in the 
Winter months. 
In recent times, the relative levels of the various forms of cholesterol have been 
considered, rather than just the total blood cholesterol levels. In particular, elevated 
levels of LDLMcholesterol (Grundy, 1997; Korhonen et al, 1996) and low levels of 
HDL-cholesterol (Korhonen eta/, 1996; Lien et al, 1996) have been associated with 
an elevated risk of CHD. Weijenberg et al (1996) concluded that cholesterol was the 
primary risk factor for mortality from CHD, whereas HDL-cholesterol was the 
primary risk factor for the frrst incidence of CHD. Grover et al (1995) suggested that 
the total cholesterol!HDL-cholesterol ratio was the most appropriate marker of CHD. 
1.9.2.6. TAG 
It is only recently that TAG has become generally accepted as an independent risk 
factor for CHD (Hobbs et al, 1995). Elevated TAG levels have been found in 
patients with CHD, compared with healthy controls, in a number of studies (A wan 
and Baseer, 1995; Korhonen et al, 1996). Whilst these studies focused on 
investigating fasting TAG levels, other workers have considered the postprandial 
TAG levels. Braun and colleagues ( 1997) compared the postprandial TAG responses 
of CHD patients and matched healthy controls, to an oral fat load. They reported that 
the CHD patients had slightly higher postprandial TAG levels than the controls, but 
only significantly so for the sample taken five hours after consumption of the oral fat 
load. Dart et al (1997) also reported that TAG levels were slower to return to basal 
levels in CHD patients following a fat-rich meal. These two studies seem to suggest a 
difference in the metabolism of TAG between CHD patients and controls after a fat 
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challenge. A number of explanations have been proposed for the association between 
TAG and CHD risk. These include the involvement of TAG and blood coagulation 
factors (Ohni et al, 1995}, and a link between elevated TAG levels and the increased 
presence of small, dense LDL (Rajman et al, 1996). Factors which may contribute to 
an elevated TAG level include an increased insulin level (Burchfiel et al, 1998), an 
increased Tumour Necrosis Factor alpha level (Jovinge et al, 1998}, and the presence 
of the Epsilon 4 allele (Dart et al, 1997). 
Other parameters, which some workers have suggested as CHD risk factors, include 
elevated levels of lipoprotein (a) (Scanu, 1995), NEFA (Frayn et al, 1996) and 
VLDL-TAG (Korhonen et al, 1996). Overall, it is likely to be a clustering of all 
these risk factors which is important. 
1.9 .2. 7. Insulin resistance 
As outlined previously, insulin resistance has detrimental effects on both 
carbohydrate and lipid metabolism. There are various ways in which insulin 
resistance might influence the risk of CHD development. It has been shown that in 
overweight males, the plasma insulin concentration is a more important risk factor 
than blood pressure (Fontbonne eta/, 1988). However, glucose intolerance itself is 
thought to be a less powerful predictor of death than lipid abnormalities (Kannel, 
1985). Insulin resistance has been related to hypertriglyceridaemia in a number of 
studies (Reaven et al, 1967; Olefsky et a/, 1974). Further evidence for the 
importance of lipid abnormalities is provided by interventions which lower the 
plasma cholesterol and/or TAG concentrations. These may not affect the plasma 
glucose or insulin concentrations, but still reduce the incidence of CHD (Frick et al, 
1987). Recently, insulin resistance has been recognised as a marker for a complex of 
inter-related risk factors in otherwise healthy subjects (Reaven, 1988; Foster, 1989; 
Zavaroni and Reaven, 1991). 
1.9.3. Occupation 
1.9.3.1. Coronary heart disease and shift work 
A number of studies have found that shift workers smoke significantly more than day 
workers {Theile et al, 1976; Knutsson et al, 1988; Lasfargues et al, 1996), whilst a 
similar number have found no significant difference between the two groups (Gordon 
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et al, 1986; Nakamura et al, 1997), and one study reported that shift workers smoked 
less than day workers (Costa et al, 1990). 
When alcohol consumption is considered, most studies have found no difference 
between day and shift workers (Knutsson, 1989; Lasfargues et al, 1996; Nakamura et 
al, 1997), although one study found a lower consumption amongst shift workers 
(Romon et al, 1992), and another found a higher consumption (Gordon et al, 1986). 
Most studies have found no difference in exercise habits between day and shift 
workers (De Backer et al, 1987; Lasfargues et al, 1996), although one study found 
that a higher proportion of day workers were taking regular exercise (Nakamura et al, 
1997). 
Higher cholesterol levels have been found in shift workers by some groups (Theile et 
al, 1976; Theorell and Akerstedt, 1976; Knutsson et al, 1990; Lennemas et al, 1994; 
Nakamura et al, 1997), but not by others (Knutsson et al, 1988; Romon eta/, 1992). 
In a study of day workers who were suddenly rescheduled to temporary night work 
(Theorell and Akerstedt, 197 6), increased serum cholesterol and glucose were found, 
which returned to day-time levels when they returned to day work. Of the other risk 
factors mentioned previously, no significant differences have been found when LDL 
and HDL levels were measured (De Backer et al, 1987; Romon et a/, 1992). 
However, four studies have reported higher TAG levels amongst shift workers (Orth-
Gomer, 1983; Knutsson et al, 1988; Romon eta/, 1992; Lasfargues eta/, 1996). 
An investigation of 270 Austrian oil refmery workers (Koller et al, 1978) discovered 
a higher prevalence of cardiovascular symptoms and complaints among shift workers. 
This study found the highest morbidity for circulatory system diseases amongst shift 
workers (20%), compared with day workers (7%) and former shift workers (15%). 
Utilising a different approach, Alfredsson et al (1982) calculated a relative CHD risk 
for men in potentially stressful occupations (i.e. those involving shift work, 
monotony, hectic work, etc.) compared with other working men. The analysis 
suggested that only two work-environment factors, exposure to monotony and shift 
work, were significantly related to CHD incidence. 
Aircrew are one of the largest group of shift workers, and a recent study has shown 
that the incidence of electrocardiographic left ventricular hypertrophy, increased 
systolic blood pressure and total serum cholesterol, were significantly higher in 
1-30 
aviators (a combination of pilots, system operators, navigators and flight engineers) 
when compared to matched controls (Ekstrand et al, 1996). It is interesting to note 
that cardiovascular disease is the most common reason for loss of license among 
commercial flight pilots (Muhanna and Shakallis, 1992). 
Other recent studies have also supported a possible relationship between shift work 
and cardiovascular disease, including prevalence of cardiovascular complaints among 
shift workers transferred for health reasons; prevalence of angina pectoris and 
hypertension; higher morbidity for cardiocirculatory and ischaemic heart diseases 
with increasing age and shift work experience; increased relative risk for myocardial 
infarction in occupations with high proportions of shift workers; and prevalence of 
some CIID risk factors among groups of apparently healthy shift workers (Alfredsson 
et al, 1982; Akerstedt et al, 1984; Knutsson et al, 1988; Koller, 1983; Kristensen, 
1989). Any increased CIID risk in shift workers is probably due to a combination of 
stress-related pathways, dietary and metabolic factors, which are now considered. 
Stress may act either directly or indirectly to increase the risk of cardiovascular 
disorders amongst shift workers. The direct effect is neuro-hormonal, in relation to 
active and/or passive coping behaviours, with increased secretion of catecholamines 
and cortisol, and consequent effects on blood pressure, heart rate, thrombotic 
processes, lipid and glucose metabolism. The indirect effect involves the 
unfavourable lifestyles endured by shift workers, including disturbances in their 
eating and sleeping habits (Costa, 1996). 
It has been suggested that shift workers may show a tendency towards an unhealthy 
diet, which may ｡ｬｾｯ＠ be a contributing factor to any potential increased risk of 
cardiovascular disease. A high intake of fat, particularly saturated fat, and low intake 
of carbohydrate and fibre, increases the serum total cholesterol concentration, and 
may also relate to an elevated blood pressm·e. However, a number of studies have 
reported that shift workers do not have a less adequate diet than day workers 
(Reinberg et al, 1979; Roman-Rousseaux et al, 1986). Lennemas and colleagues 
( 1995) also found no differences in the total amount of food consumed by day and 
shift workers on Norwegian oil rigs, but they did illustrate that shift work may cause 
a redistribution of food intake during the 24-hour period. 
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1.10. BRIGHT LIGHT TREATMENT 
1.10.1. Introduction 
Once the phase-shifting power of light was established (Arendt and Broadway, 1986; 
Czeisler et al, 1986), the implications for circadian rhythm disorders became clear. 
Suitably timed light treatment could in theory be used to adapt to rapid phase shifts, 
as might be encountered in shift work and jet lag, to counter adaptation when 
desirable, to synchronise from free-run, and to correct phase abnormalities present in 
some sleep disorders (Campbell eta/, 1993; 1995) and possibly depression (Bauer et 
a/, 1995). 
1.10.2. The use of bright light treatment in shift workers 
Bright light has been shown to have several beneficial acute effects. Significant 
improvements in night-time mood, alertness and performance, and day-time sleep, 
have been reported in a number of simulated shift work studies when bright light 
treatment has been employed at night (Czeisler et al, 1990; Campbell and Dawson, 
1990; Dawson and Campbell, 1991; Daurat et a/, 1993; Dawson et a/, 1995). Of 
these studies, Dawson and Campbell (1991) utilised the shottest duration of bright 
light exposure. Their treatment group received a 4-hour light pulse of 6000lux, timed 
between midnight and 4am, on the first night of a simulated night shift. The 
treatment group did not show the typical decline in alertness observed between 3am 
and 7 am, which was seen in the control group, who remained in dim light throughout 
the study. 
In a field study run in conjunction with the National Aeronautics and Space 
Administration (NASA), Stewart et a/ (1995) studied NASA personnel working a 
two-shift pattern during two Space Shuttle missions, who received self-administered 
light of 1 OOOOlux at times of day expected to phase delay circadian rhythms. Treated 
subjects reported better sleep, performance and physical and emotional well-being 
than control subjects, and rated the treatment as highly effective for promoting 
adjustment to their work schedules. 
Based on the light phase response curves published previously (e.g: Minors et al, 
1991; Van Cauter eta/, 1994), it would seem likely that the timing of the bright light 
treatment would be of significance, and Lemmer et al ( 1994) illustrated this point. 
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Two groups of synchronised healthy volunteers were exposed to 2500lux of bright 
light for 3 hours over 6 days, either in the morning (5am-8am) or in the evening 
(6pm-9pm). The results showed a significant phase advance in the circadian rhythm 
of melatonin when bright light was given in the morning, but no phase shift was 
observed when the subjects were exposed to bright light in the evening. In a separate 
study (Mitchell et al, 1997), 32 subjects participated in a 2x2 design with bright light 
(facilitating versus conflicting) and direction of shifted sleep/dark (delayed versus 
advanced). Larger temperature rhythm phase shifts were observed with facilitating 
bright light compared to conflicting bright light, as well as with delayed sleep/dark 
compared to advanced sleep/dark. As bright light timed to delay was not able to 
phase shift rhythms when sleep/dark was advanced, the authors concluded that the 
timing of sleep/dark was as important as the timing of the bright light. 
In another study (Samel and Gander, 1995), 4 male subjects were exposed to 
>3500lux for 5 hours on each of two shift days and the following day, either at times 
expected to accelerate the adjustment to phase delay (experimental condition) or to 
have no phase shifting effect (control condition). Somewhat surprisingly, 5 hour 
exposures to bright light finishing at the time of the circadian temperature minimum 
were not more effective at accelerating adjustment to a 12 hour schedule delay than 
exposures coinciding with the temperature maximum. It appears from this study that, 
while bright light may accelerate adjustment to work/rest schedule delays, the time 
dependence of this effect requires further investigation. 
1.11. AIMS AND OBJECTIVES OF THIS THESIS 
It is clear from work conducted previously that shift workers are more susceptible to 
Coronary Heart Disease than other members of society. The reasons for this have not 
been fully explained yet, but alterations in dietary and lifestyle habits may be partially 
responsible. The underlying hypothesis of this thesis was that the increased risk of 
CHD reported in shift workers was due, at least in part, to an elevation in certain risk 
factors, such as TAG and insulin resistance, when the shift workers consumed meals 
during the night. Thus, a series of studies were organised to investigate this proposal, 
and the major aims and objectives of these studies are listed below. 
(1) To investigate whether the hormonal and metabolic responses to a meal are 
dependent on the body clock time at which the meal is consumed. 
(2) To compare the hormonal and metabolic responses to a meal consumed on a 
simulated night shift, with those on a simulated day shift. 
1-33 
(3) To investigate ways of counteracting any differences found between the 
reponses on the simulated night shift, compared with the day shift, using a 
variety of techniques including: 
(a) Modification of meal consumed prior to commencement of 
night shift. 
(b) Exposure to bright light whilst on night shift. 
(c) Presence of a pre-sleep prior to commencement of the night 
shift. 
(4) To investigate whether any differences found in healthy volunteers under 
simulated conditions, could be reproduced in a group of real shift workers. 
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CHAPTER2 
MATERIALS & METHODS 
2.1. MATERIALS 
2.1.1. Cobas Mira kits and equipment 
Unimate 5 TRIG. 
NEFA C (ACS-ACOD method) 
Unimate 5 GLUCOSE (HK. method) 
Unimate 5 CHOLESTEROL 
Equipment 
Cobas Mira Plus 
Supplier 
Roche Diagnostics Ltd., Welwyn Garden 
City, Hertfordshire, UK. 
W ako Chemicals, Alpha Laboratories, 
Eastleigh, Hampshire, UK. 
Roche Diagnostics Ltd., Welwyn Garden 
City, Hertfordshire, UK. 
Roche Diagnostic Ltd., Welwyn Garden 
City, Hertfordshire, UK. 
Supplier 
Roche Diagnostics Ltd., Welwyn Garden 
City, Hertfordshire, UK. 
2.1.2. Radioimmunoassay reagents, antisera and equipment 
Insulin, proinsulin, C-peptide, GIP and 6-sulphatoxymelatonin were all measured by "in 
house" radioimmunoassays. All the reagents and equipment utilised when conducting 
these assays are listed below, along with their supplier. All reagents are "analar grade" 
unless otherwise specified. 
Reagent Supplier 
Disodium hydrogen orthophosphate Fisons Scientific Equipment 
(Loughborough, UK). 
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Sodium dihydrogen orthophosphate 
Polyethylene glycol 6000 
Potassium dihydrogen orthophosphate 
Human Serum Albumin (Fraction V) 
Bovine Serum Albumin (Fraction V) 
Aprotinin 
Sac Cel 
Normal Sheep serum 
Normal Rabbit serum 
Normal Guinea Pig serum 
"Norit PN5" activated charcoal 
Agarose (Type ITI-A: High EEO) 
Fisons Scientific Equipment 
(Loughborough, UK). 
Fisons Scientific Equipment 
(Loughborough, UK). 
BDH Laboratory Supplies (Poole, 
Dorset, UK). 
Sigma Chemical Co. (Poole, Dorset, 
UK). 
Sigma Chemical Co. (Poole, Dorset, 
UK). 
Sigma Chemical Co. (Poole, Dorset, 
UK). 
IDS (Tyne & Wear, UK). 
Dr. S. Hampton, University of Surrey 
(Guildford, UK). 
Sigma Chemical Co. (Poole, Dorset, 
UK). 
Sera-Lab Ltd. (Sussex, UK). 
BDH Laboratory Supplies, Poole, 
Dorset, UK). 
Sigma Chemical Co., Poole, Dorset, 
UK). 
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Antisera 
All the primary antibodies were made in-house, and were kindly donated as indicated. 
Guinea pig anti-Insulin 
Sheep anti-Proinsulin 
Sheep anti-C-peptide 
Rabbit anti-GIP 
Sheep anti-aMT6s 
Donkey anti-Sheep gamma globulin 
Donkey anti-Rabbit gamma globulin 
Donkey anti-Guinea Pig gamma globulin 
Equipment 
Affinity purification columns 
Gamma counter (Wizard 14 70 with Multi calc 
Level4.M software) 
Dr. S. Hampton, University of Surrey 
(Guildford, UK). 
Dr. S. Hampton, University of Surrey 
(Guildford, UK). 
Dr. S. Hampton, University of Surrey 
(Guildford, UK). 
Dr. L. Morgan, University of Surrey 
( Guildford, UK). 
Stockgrand Ltd., University of 
Surrey (Guildford, UK). 
Dr. P. Kwasowski, ClifMar 
Associates Ltd. (Guildford, UK). 
Dr. S. Hampton, University of Surrey 
( Guildford, UK). 
Guildhay Antisera Ltd. (Guildford, 
UK). 
Supplier 
ClitMar Associates Ltd. ( Guildford, 
UK). 
Wallac (Turku, Finland). 
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Filter paper 
2.1.3. Iodination reagents and equipment 
Reagent 
Sephadex G-15 
Sephadex QAE25 
Insulin (human, biosynthetic) 
Proinsulin (human, biosynthetic) 
C-peptide (human, biosynthetic, tyrosylated) 
GIP (human, synthetic) 
1251-Sodium iodide 
Chloramine-T 
Sodium metabisulphate 
Whatman International (Maidstone, 
Kent, UK). 
Su12plier 
Sigma Chemical Co. (Poole, Dorset, 
UK). 
Sigma Chemical Co. (Poole, Dorset, 
UK). 
Gift from Dr. B. Franks, Eli Lilly & 
Co. (Indianapolis, USA). 
Gift from Dr. B. Franks, Eli Lilly & 
Co. (Indianapolis, USA). 
Gift from Dr. W. Hepner, Hoechst 
Ltd. (Germany). 
Sigma Chemical Co. (Poole, Dorset, 
UK). 
ICN (Thame, Oxfordshire, UK). 
Sigma Chemical Co. (Poole, Dorset, 
UK). 
BDH Laboratory Supplies (Poole, 
Dorset, UK). 
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Potassium iodide 
Hydrogen peroxide 
Lactoperoxidase 
Equipment 
Microtouch gloves 
2.1.4. Other equipment 
Equipment 
Blood tubes (lithium heparin, fluoride oxalate, 
Sodium EDTA) 
Cannulae (Y -Can 19g) 
LP3 I LP4 tubes 
Fisons Scientific Equipment 
(Loughborough, UK). 
BDH Laboratory Supplies (Poole, 
Dorset, UK). 
Biozyme Laboratories Ltd. 
(Blaenavon, Gwent, UK). 
Supplier 
Johnson & Johnson Medical Inc. 
(Skipton, UK). 
Supplier 
L.I.P. Ltd. (Shipley, UK). 
Medical Assist Ltd. (Colchester, 
UK). 
L.I.P. Ltd. (Shipley, UK). 
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2.1.5. Buffers 
0.04M Phosphate buffer, pH 7.4 
23g NazHP04 anhydrous salt 
5.97g NaHzP042HzO 
Made up to 51itres with R.O. water. 
0.4M Phosphate buffer, pH 6.5 
0.4M KHzP04 (A) 
0.4M NazHP04 (B) 
1litre of each solution was prepared, and solution A was added dropwise to solution B to 
give required pH (Approximately a 50:50 ratio). 
O.lM Carbonate I Bicarbonate buffer, pH 9.8 
1 0.6g NazC03 
8.5gNaHC03 
Made up to 1 litre with R.O. water. 
0.1M Histidine buffer, pH 6.1 
O.lM histidine titrated to pH 6.1 with 1M HCI. 
0.4M (0.04M) Sodium acetate buffer, pH 5.6 
0.4M (0.04M) sodium acetate titrated to pH 5.6 with 1M glacial acetic acid. 
2.1.6. Quality Controls 
The quality controls for all radioimmunoassays were produced at the University of 
Surrey. Venous blood was collected via an antecubital vein from a number of healthy 
volunteers after an overnight fast, and then at three time-points after a high carbohydrate 
snack (30, 45 and 60 minutes). The blood was centrifuged at 1800g for 10 minutes, and 
then assayed for the blood parameters concerned. The plasma was then separated into 
lml aliquots of low, medium and high quality controls for each of the 
radioimmunoassays, and stored at -20°C until required. 
2-7 
2.1.7. Charcoal-stripped serum 
Agarose-coated charcoal-stripped serum (CSS) was used in all the radioimmunoassays 
except that for 6-sulphatoxymelatonin. 25g of agarose was heated to 70°C in a water 
bath. 1 OOg of activated charcoal, which had previously been de-fined, was added to the 
agarose, mixed well and then cooled to 50°C. The mixture was poured into 1 litre of 
acetone and stirred, before being filtered through fluted filter paper, and dried overnight 
at 37°C. The serum pool was collected from overnight-fasted volunteers. 25g of 
agarose/charcoal was added per 200ml serum and stirred on a magnetic stirrer for 24 
hours at room temperature. The following day, the senun was centrifuged at 7800g for 1 
hour, and the ｳｵｰ･ｾ｡ｴ｡ｮｴ＠ removed. The supernatant was then centrifuged for a further 1 
hour at 7800g. This was then filtered using Whatman filter paper until all the charcoal 
fmes had been removed (usually 4-6 times). 1 Oml aliquots were removed and frozen at 
-20°C. 
2.2. ASSAY PROCEDURES 
2.2.1. Measurement of glucose, NEFA and TAG 
2.2.1.1. Glucose 
Glucose levels were measured using the Unimate 5 Glucose HK. test kit. This test kit is 
an in vitro diagnostic reagent system for the quantitative determination of glucose in 
serum, plasma or urine. The principle of the system is outlined below:-
Hexokinase 
D-Glucose + ATP ----tiiiJI• D-glucose-6-Phosphate + ADP 
Glucose-6-Phosphate dehydrogenase 
D-Glucose-6-Phosphate + NAD+ 111J1 D-gluconate-6-Phosphate + NADH + H+ 
The formation of NADH is directly related to the glucose concentration, and is measured 
photometrically at 340nm. 
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2.2.1.2. Triacylglycerol (TAG) 
TAG levels were measured using the Unimate 5 Trig test kit. This test kit is an in vitro 
diagnostic reagent system for the quantitative determination of TAG in serum or plasma. 
The principle of the system is outlined below:-
Lipase 
TAG ----•• glycerol + fatty acids 
Glycerol kinase 
Glycerol + ATP ----•• glycerol-3-phosphate +ADP 
Glycerol phosphate oxidase 
Glycerol-3-Phosphate + 02 ------•• dihydroxyacetone phosphate + H202 
In the presence of peroxidase, the hydrogen peroxide formed effects the oxidative 
coupling of 4-chlorophenol and 4-aminoantipyrine to form a red-coloured quinoneimine 
derivative. The colour intensity is directly related to the TAG concentration and is 
measured photometrically at 500nm. 
2.2.1.3. Non-esterified fatty acids 
Non-esterified fatty acid (NEFA) levels were measured using the Wako NEFA C ACS-
ACOD method test kit. This test kit utilizes an in vitro enzymatic colorimetric method 
for the quantitation ofNEFA in serum. The principle of the system is outlined below:-
Acyl-CoA synthetase 
RCOOH (NEFA) + ATP + CoA 
-----•• Acyl-CoA + AMP + PPi 
Acyl-CoA oxidase 
Acyl-CoA + 02 • 2,3-trans-Enoyl CoA + H202 
Hydrogen peroxide, in the presence of peroxidase permits the oxidative condensation of 
3-methyl-N-ethyl-N-((3-hydroxyethyl)-aniline with 4-aminoantipyrine to form a purple 
coloured adduct which can be measured colorimetrically at 550nm. 
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2.2.1.4. Variability of the Cobas Mira automated enzymatic spectrophotometric 
techniques:-
Mean Quality Inter-assay variation Intra-assay variation 
Control value (%CV) (%CV) 
(mmol/1) 
Glucose 4.45 2.02 1.71 
TAG 260 1 15 0 86 
NEFA 1.91 6.81 4.24 
2.2.2. Measurement of pancreatic hormones 
2.2.2.1. Insulin 
The insulin radioimmunoassay used was developed at the University of Surrey (Hampton 
and Withey, 1993). Antibodies against insulin were raised by immunising guinea pigs 
with porcine insulin conjugated to egg albumin via carbodiimide. The insulin radiolabel 
was produced at the University of Surrey (see section 2.2.2.6.). The standard was 
supplied by the National Institute of Biological Standards and Controls, and was diluted 
in assay buffer in the range of 0-1500pmol/l. Separation of the assay was carried out by a 
double antibody plus polyethylene glycol method. The procedure is outlined in table 2.1. 
Briefly, the assay was conducted as follows:-
Day 1: 
Buffer, standards and insulin antiserum were prepared. The assay tubes were set up in 
duplicate, including sufficient controls and zeroes to detect any drift. The tubes were then 
voliexed and preincubated for 24 hours at 4°C. 
Day2: 
The labelled insulin (diluted to 1 OOOOcpm) was added to all the tubes, which were then 
vodexed and incubated for a further 24 hours at 4oc. This dilution of label was used for 
all assays. 
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Day3: 
Bound and free antigen were separated by the addition of normal guinea pig serum, 
donkey anti-guinea pig antibody and polyethylene glycol. The tubes were vortexed and 
left to stand at 4oc for 2 hours. Following this, the tubes were centrifuged at 1300g for 
30 minutes at 4oc, the supernatant was aspirated, and they were then counted on the 
Wallac 1470 Wizard automatic gamma counter. 
2.2.2.2. Proinsulin 
The proinsulin radioimmunoassay used was developed by Dr. S. M. Hampton at the 
University of Surrey (Hampton et al, 1988). Proinsulin antiserum was raised in a Suffolk 
sheep injected with biosynthetic proinsulin conjugated to keyhole limpet haemocyanin via 
glutaraldehyde. It was immunoadsorbed against hwnan C-peptide and insulin coupled to 
glass beads. The pro insulin radio label was prepared at the University of Surrey (see 
section 2.2.2.6.). The standard is a biosynthetic proinsulin produced as outlined in 
Hampton et al (1988), which was diluted in CSS in the range of 0-425pmoVI. The 
procedure is outlined in table 2.2. Briefly, the assay was conducted as follows:-
Day 1: 
Buffer, standards and proinsulin antiserum were prepared. The assay tubes were set up in 
duplicate, including sufficient controls and zeroes to detect any drift. The tubes were then 
vortexed and preincubated for 24 hours at 4oc. 
Day2: 
The labelled proinsulin (diluted to 1 OOOOcpm) was added to all tubes, which were then 
vortexed and incubated for a further 24 hours at 4°C. This dilution of label was used for 
all assays. 
Day3: 
Bound and free antigen were separated by the addition of normal sheep serum, donkey 
anti-sheep antibody and polyethylene glycol. The tubes were vortexed and left to stand at 
4oc for 2 hours. Following this, the tubes were centrifuged at 1300g for 30 minutes at 
4oc, any supernatant was aspirated off, and they were then counted on the Wallac 1470 
Wizard automatic gamma counter. 
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2.2.2.3. C-peptide 
The C-peptide radioimmunoassay used was developed at the University of Surrey 
(Hampton, 1983) and is a modification of the method developed by L. G. Heding of the 
Novo Research Institute, Copenhagen, Denmark (Heding, 1975). C-peptide antiserum 
was raised in a Soay sheep injected with a synthetic human C-peptide conjugated to egg 
albumin via glutaraldehyde. The C-peptide radiolabel was prepared by a modification of 
the Thorell and Johansson method (Thorell and Johansson, 1971) at the University of 
Surrey (see section 2.2.2.6.). Purification was carried out on an anion exchange column. 
The standard is a 32 amino acid, synthetic standard produced as outlined in Hampton 
(1983), which was diluted in CSS in the range of 39-2460pmol/l. Separation of the assay 
was carried out by a double antibody plus polyethylene glycol method. The procedure is 
outlined in table 2.3. Briefly, the assay was conducted as follows:-
Day 1: 
Buffer, standards and C-peptide antiserum were prepared. The assay tubes were set up in 
duplicate, including sufficient controls and zeroes to detect any drift. The tubes were then 
vortex mixed and preincubated for 48 hours at 4°C. 
Day3: 
The radiolabelled C-peptide (diluted to 1 OOOOcpm) was added to all tubes, which were 
then vortexed and incubated for a further 24 hours at 4oc. This dilution of label was used 
in all assays. 
Day4: 
Bound and free antigen were separated by the addition of normal sheep serum, donkey 
anti-sheep antibody and polyethylene glycol. The tubes were vortexed and left to stand at 
4oc for 2 hours. Following this, the tubes were centrifuged at 1300g for 30 minutes at 
4°C, any supernatant was aspirated off, and they were then counted on the Wallac 1470 
Wizard automatic gamma counter. 
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2.2.2.4. Variability of the pancreatic hormone radioimmunoassays:-
Mean Quality Inter-assay Intra-assay Limit of 
Control value variation variation detection 
(pmol/1) (%CV) (o/oCV) (pmol/1) 
Insulin Low 77.3 8.6 4.8 
Medium 305.3 5.0 4.4 20.0 
High 566.0 4.5 4.4 
Pro insulin Low 9.4 4.6 4.3 
Medium 29.3 9.0 7.2 4.0 
High 95.8 7.5 5.8 
C-peptide Low 55.1 8.2 6.1 
Medium 226.5 7.6 7.1 12.0 
High 1052.7 6.1 6.8 
2.2.2.5. Cross-reactivities of the pancreatic hormone radioimmunoassays (Hampton and 
Withey, 1993):-
o/o Cross-
reactivity 
Insulin Proinsulin C-peptide 
Human biosynthetic insulin 100 0.001 0 
Human biosynthetic proinsulin 42 100 10 
Human synthetic C-peptide 0 0.001 100 
Des 64-65 biosynthetic proinsulin 76 128 76 
Des 31-32 biosynthetic proinsulin 61 0.7 45 
2.2.2.6. Iodination of insulin, proinsulin and C-peptide 
On the day prior to the iodination, 3g of Sephadex G-15 (insulin and proinsulin) or 
QAE25 (C-peptide) was swelled in either 0.04M phosphate buffer (pH 7.4), containing 
0.5% BSA (insulin and proinsulin), or 0.1M Histidine buffer (pH 6.1) (C-peptide) 
overnight at room temperature. On the morning of the iodination, the column was set up, 
using a pipette tip cut down to produce a narrow bore for the column. This tip was 
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attached to a 30cm piece of lmm PVC tubing. The column was filled with the swollen 
Sephadex, and then checked to ensure that no banding or air pockets had been produced. 
15ml of protein elution buffer (insulin and proinsulin: 0.04M Phosphate buffer, pH 7.4, 
containing 0.5% BSA; C-peptide: 0.1M Histidine buffer, pH 6.1) was applied to the 
column. 5 J..tg of insulin, proinsulin or C-peptide were weighed out on a microbalance, 
transferred to an autoanalyser cup and dissolved in either 1 Of.ll of 0.4M phosphate buffer, 
pH 7.4 (insulin and proinsulin) or 0.4M sodium acetate, pH 5.6 (C-peptide). All reagents 
were then transferred to the high activity radiation laboratory. 
All steps of the iodination were carried out with the fume cupboard window down as far 
as possible and wearing 3 pairs of gloves. For insulin and proinsulin, 5 f.ll of sodium 
iodine (18.5mBq) was placed into the autoanalyser cup. 5f.1l of chloramine-T solution 
(4mg/ml dissolved in 0.04M phosphate buffer, pH 7.4) was used to start the reaction, and 
the reagents were mixed up and down with the pipette tip. After 15 seconds, 200J.!l of 
sodium metabisulphite (0.25mg/ml dissolved in 0.04M phosphate buffer, pH 7.4) was 
added to stop the reaction, and 50J.!l of potassium iodide (2mg/ml dissolved in 0.04M 
phosphate buffer, pH 7.4) was added to scavenge the free radiolabelled iodine. For C-
peptide, 5J.!l ofNa1251 (18.5mBq) was placed into the autoanalyser cup. 10f.ll of 0.003% 
hydrogen peroxide solution, dissolved in 0.04M sodium acetate buffer, and 10f.ll of 
lactoperoxidase (50ng/ml dissolved in 0.04M sodium acetate buffer, pH 5.6) were placed 
in the autoanalyser cup; and the reagents were mixed up and down with the pipette tip. 
After 15 seconds, the reaction was diluted out by the addition of200f.1l of protein buffer. 
The contents of the autoanalyser cup were then transferred to the top of the column, and 
approximately 20 fractions, each containing 10 drops (approximately 0.5ml), were 
collected. 10f.ll of each fraction was counted, and then the selected fraction was aliquoted 
into 20f.ll samples in LP3 tubes and frozen at -20°C. 
Further details of these iodination procedures can be found elsewhere (Hampton, 1983; 
Hampton et al, 1988). Figure 2.1 shows an example of the iodination curve obtained 
when an insulin radiolabel is produced. 
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FIGURE 2.1: An example of the iodination curve obtained when insulin radio label is 
produced 
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Figure 2.1 shows an example of the iodination curve obtained when a radio/abel, in this 
case insulin, was produced The first peak represents the iodinated insulin, whilst the 
second peak represents unreacted iodine. 
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TABLE 2.1: Assay procedure for the measurement of insulin 
Standards of23, 47, 94, 188, 375, 750 and 1500pmol/1 are prepared in buffer. 
DAYl Tubes 
Reagents Total NSB std Zero std Standard Sample/ Sample/ 
(J.tl) QCNSB QC 
Buffer - 350 250 200 350 250 
Insulin 
-
- - 50 - -
standard 
css - 50 50 50 - -
Sample/ - - - - 50 50 
QC 
plasma 
Antiserum - - 100 100 - 100 
Vortex mix all tubes and incubate for 24 hours at 4°C. 
IDAY2 
100 100 100 100 100 100 
Vortex mix all tubes and incubate for 24 hours at 4°C. 
DAY3 
Normal - 100 100 100 100 100 
Guinea Pig 
serum 
Donkey - 100 100 100 100 100 
anti-Guinea 
Pig serum 
4%PEG - 700 700 700 700 700 
Vortex mix all tubes and incubate for 2 hours at 4°C. Centrifuge tubes at 1300g for 30 
minutes at 4°C. Aspirate supernatant. 
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TABLE 2.2: Assay procedure for the measurement of proinsulin 
Standards of6.7, 13, 26, 53, 107,213 and 425pmol/l are prepared in CSS. 
DAYl Tubes 
Reagents Total NSB std Zero std Standard Sample/ Sample/ 
(J.t.l) QCNSB QC 
Buffer - 300 200 200 300 200 
Pro insulin - - - 200 - -
standard 
css - 200 200 - - -
Sample/ - - - - 200 200 
QC plasma 
Antiserum - - 100 100 - 100 
Vortex mix all tubes and incubate for 24 hours at 4 °C. 
IDAY2 
100 100 100 100 100 100 
Vortex mix all tubes and incubate for 24 hours at 4 °C. 
DAY3 
Normal 
-
100 100 100 100 100 
Sheep 
serum 
Donkey - 100 100 100 100 100 
anti-Sheep 
serum 
4%PEG - 800 800 800 800 800 
Vortex mix all tubes and incubate for 2 hours at 4°C. Centrifuge tubes at 1300g for 30 
minutes at 4 °C. Aspirate supernatant. 
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TABLE 2.3: Assay procedure for the measurement of C-peptide 
Standards of39, 77, 154, 307, 615, 1230 and 2460pmol/l are prepared in CSS. 
DAY I Tubes 
Reagents Total NSB std Zero std Standard Sample/ Sample/ 
(J.tl) QCNSB QC 
Buffer - 100 - - 100 -
C-peptide - - - 100 - -
standard 
css - 100 100 - - -
Sample/ - - - - 100 100 
QCplasma 
Antiserum - - 100 100 - 100 
Vortex mix all tubes and incubate for 48 hours at 4 °C. 
IDAY3 
100 100 100 100 100 100 
Vortex mix all tubes and incubate for 24 hours at 4°C. 
DAY4 
Normal - 100 100 100 100 100 
Sheep 
serum 
Donkey - 100 100 100 100 100 
anti-Sheep 
serum 
4%PEG 
-
500 500 500 500 500 
Vortex mix all tubes and incubate for 2 hours at 4°C. Centrifuge tubes at 1300g for 30 
minutes at 4°C. Aspirate supernatant. 
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2.2.3. Assessment of gut hormone status 
2.2.3.1. Glucose-dependent insulinotropic polypeptide (GIP) 
The GIP radioimmunoassay was developed at the University of Surrey by Dr. L. Morgan 
(Morgan et al, 1978). The GIP antiserum was raised in a rabbit against purified natural 
porcine GIP conjugated to ovalbumin. This antiserum cross-reacts 100% with human 
GIP, thus it can be used to assay human as well as porcine samples. The GIP 
radioimmunoassay exhibited negligible cross-reactivity with cholecystokinin, insulin, . 
pancreatic polypeptide, glucagon, secretin and vasoactive intestinal polypeptide (Morgan 
et al, 1978). Separation of the assay was carried out by a double antibody plus 
polyethylene glycol method. The procedure is outlined in table 2.4. Briefly, the assay 
was conducted as follows:-
Day 1: 
Buffer, standards and antiserum were prepared. Assay tubes were set up in duplicate, 
including sufficient controls and zeros to detect any drift. The reagents were added in the 
quantities and order shown in table 2. 4. 
Day2: 
Affmity purified labelled GIP (see section 2.2.3.5.) was added to all the assay tubes. 
Day4: 
Bound and free antigen were separated via the addition of normal rabbit serum, donkey 
anti-rabbit and polyethylene glycol. After 4 hours, the tubes were centrifuged at 1400g 
for 20 minutes. The resulting supernatant was aspirated off, and the pellets in the tubes 
were counted on the Wallac 1470 Wizard automatic gamma counter. 
2.2.3.2. Variability of the GIP radioimmunoassay:-
Mean Quality Inter-assay Intra-assay 
Control value variation variation 
(pmol/1) (%CV) (%CV) 
GIP Low 105.3 11.4 6.7 
High 377.3 6.1 5.8 
I 
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2.2.3.3. Iodination of GIP 
On the day prior to the iodination, 3g of Sephadex G-15 was swelled in 15ml of O.lM 
sodium acetate, pH 5.0, overnight at room temperature. On the morning of the iodination, 
the column was set up, using a pipette tip cut down to produce a narrow bore for the 
column. This tip was attached to a 30cm piece of lmm PVC tubing. The column was 
filled with the swollen Sephadex, and then checked to ensure that no banding or air 
pockets had been produced. 15ml of protein elution buffer (O.lM sodium acetate, pH 5.0, 
containing 0.5% human serum albumin and 5000KIU/ml aprotinin) was applied to the 
column. 5J.lg of GIP was weighed out on a microbalance, transferred to an autoanalyser 
cup and dissolved in 1 Of.ll of 0.4M phosphate buffer. Immediately before the iodination, 
1 Omg of sodium metabisulphite and 7 .5mg of chloramine-T were weighed out into 
separate containers, and each dissolved in 5ml of 0.4M phosphate buffer, pH 7.4. All 
reagents were then transferred to the high activity radiation laboratory. 
All steps of the iodination were carried out with the fume cupboard window down as far 
as possible and wearing 3 pairs of gloves. lOf.ll (37MBq) of Na1251 was placed into the 
autoanalyser cup. 10f.ll of chloramine-T solution was used to start the reaction, and the 
reagents were mixed up and down with the pipette tip. After 15 seconds, 20f.tl of sodium 
metabisulphite was added to stop the reaction, and then 200f.tl of protein buffer was also 
added. The contents of the autoanalyser cup were then transferred to the top of the 
column, and approximately 20 fractions, each containing 10 drops (approximately 0.5ml), 
were collected. 1 Of.ll of each fraction was counted, and then the selected fraction was 
aliquoted into 20f.ll samples in LP3 tubes pre-coated with 10% HSA and frozen at -20°C. 
2.2.3.4. Affinity purification of GIP radiolabel 
The column was washed with lOml of 0.3% HCl (passed through under pressure), 
followed by 4 x 5ml of assay buffer, which was allowed to drain through at its own pace. 
The column was stoppered before it was dry, the radiolabel was · diluted with 3ml of 
assay buffer, and then layered on the column using a plastic pipette. The column was 
then capped, placed within a boiling tube, and roller-mixed for 30 minutes. At the same 
time, a 5ml glass vial filled with assay buffer was roller-mixed. After 30 minutes, the 
column was allowed to drain, and then washed with 4 x 5ml of Reverse Osmosis water. 
The assay buffer was washed out from the glass vial, and the column was washed with 5 
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x lml of HCl, with the drops collected into the glass vial. This purified radiolabel was 
diluted to approximately 5000cpm/1 OOJJ.l using assay buffer, whilst the column was 
washed with 1 Oml of water and 1 Oml of bicarbonate buffer, before being stored in 
bicarbonate buffer. 
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TABLE 2.4: Assay procedure for the measurement of glucose-dependent 
insulinotropic polypeptide 
Standards of 25, 50, 100, 200, 400 and 800pmol/l are prepared in buffer. 
DAY1 Tubes 
Reagents Total NSB std Zero std Standard Sample/ Sample/ 
(J.tl) QCNSB QC 
Buffer - 300 200 100 300 200 
GIP standard 
- - - 100 - -
css - 100 100 100 - -
Sample/ QC 
- - - - 100 100 
plasma 
Antiserum - - 100 100 - 100 
Vortex mix all tubes and incubate for 24 hours at 4°C. 
IDAY2 
100 100 100 100 100 100 
Vortex mix all tubes and incubate for 48 hours at 4°C. 
DAY4 
Normal - 50 50 50 50 50 
Rabbit serum 
Donkey anti- - 50 50 50 50 50 
Rabbit serum 
14%PEG - 100 100 100 100 100 
Vortex mix all tubes and incubate for 2 hours at 4°C. Centrifuge tubes at 1400g for 20 
minutes at 4°C. Aspirate supernatant. 
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2.2.4. Assessment of circadian rhythm status 
2.2.4.1. 6-sulphatoxymelatonin ( aMT6s) 
The radioimmunoassay of aMT6s has been modified from Arendt et al ( 1985) to use 
iodinated aMT6s (Aldhous and Arendt, 1988). This technique provides a more sensitive, 
rapid and economical procedure. The antiserum was raised against aMT6s conjugated 
through the side chain to ovalbumin. The procedure is outlined in table 2. 5. Briefly, the 
assay was conducted as follows:-
Day 1: 
The diluted urine sample was incubated with a specific antiserum to aMT6s raised in a 
sheep, and trace amounts of 125I-aMT6s were then added. A standard curve was 
constructed at the same time from standards (see table 2.6) made up in charcoal stripped 
urine (Bojkowski, 1988). 
Day2: 
The free and antibody-bound fractions of aMT6s were separated using a dextran-coated 
charcoal suspension (20% charcoal, 0.2% dextran). The free aMT6s fraction was 
precipitated with the charcoal by centrifugation, the supernatant removed, and the 
radioactivity counted in a gamma counter. 
2.2.4.2. Variability of the aMT6s radioimmunoassay:-
Mean Quality Inter-assay Intra-assay Limi tof 
Control value variation variation tion detec 
(ng/ml) (%CV) (%CV) ml) (ng/ 
Low 4.2 7.1 6.9 
Medium 21.4 7.4 7.1 0. 3 
High 43.7 9.1 7.8 
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TABLE 2.5: Assay procedure for the measurement of urinary 6-
sulphatoxymelatonin 
Standards of0.5, 1, 2, 4, 7, 10,20 and 50ng/ml are prepared in charcoal-stripped urine. 
DAYl Tubes 
Reagents Total NSB std Zero std Standard Sample/ 
(f.ll) QCNSB 
Buffer 200 200 
aMT6s - - - Varies -
standard (see table 
2.6) 
csu - 500 500 Varies -
(see table 
2.6) 
Sample/ - - - - 500 
QC urine 
Antiserum - - 200 200 -
Vortex mix all tubes and incubate for 3 0 minutes at room temperature. 
Label 100 100 100 100 
Vortex mix all tubes and incubate for 15-18 hours at 4°C. 
DAY2 
Dextran-
coated 
charcoal 
100 100 100 
100 
100 
Sample/ QC 
-
-
500 
200 
100 
100 
Vortex mix all tubes and incubate for 15 minutes at 4°C. Centrifuge tubes at 2700g for 15 
minutes at 4°C. Decant supernatant. 
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TABLE 2.6: Preparation of standards for use in the measurement of 6-
sulphatoxymelatonin 
aMT6s aMT6s-free urine aMT6s aMT6s 
STANDARD (1:250 dilution) (pg/tube) (ng/ml urine) 
(200pg/ml) 
0 500J.t.l 0 0 
5J.1l 495J.1l 1 0.5 
10J.1l 490J.1l 2 1 
20J.t.l 480J.1l 4 2 
40J.t.l 460J.1l 8 4 
70J.t.l 430J.1l 14 7 
100J.t.l 400J.t.l 20 10 
200J.t.l 300J.t.l 40 20 
500J.1l 0 100 50 
2.3. STATISTICAL ANALYSIS 
Urine aMT6s data underwent a computerised cosinor analysis, using a program developed 
by Dr. D. S. Minors at the University of Manchester, which allowed acrophase times and 
amplitude values to be obtained. These were then statistically assessed using a paired t-
test (Excel, Microsoft Corporation). 
The remainder of the hormone data obtained was subjected to Repeated Measures 
Analysis of Variance using the Statistica package (StatSoft, Tulsa, USA.). This package 
enables assessment of both single-factor (e.g. treatment) and interaction (e.g. time by 
treatment) effects, so that alterations in a profile could also be identified. Where 
appropriate, the exact source of the statistical differences was identified, using the 
Duncan New Multiple Range post hoc test. 
The repeated measures Analysis of Variance employed was a multivariate test, and 
therefore incorporates a correction factor to account for the assumptions of sphericity 
and compound symmetry made. 
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CHAPTER3 
POSTPRANDIAL RESPONSES TO A TEST MEAL 
AT DIFFERENT BODY CLOCK TIMES 
3.1. INTRODUCTION 
The potentially deleterious effects of shift work on the health of workers have already 
been alluded to in some detail in chapter 1. One way in which such problems might 
be mediated is through inappropriate hormonal and metabolic responses to meals, in 
unadapted night-workers (Lennemas et al, 1994). In a recently published study 
conducted in this laboratory (Hampton et al, 1996), nine healthy subjects underwent 
test meal studies at the same clock time, firstly in their normal environment (body 
clock time of 1330h), and then immediately following a rapid 9-hour phase delay 
(body clock time of approximately 2230h). The 9-hour phase delay was induced using 
a previously reported procedure involving timed bright light and darkness (Deacon et 
al, 1996; Deacon and Arendt, 1996). Postprandial glucose and insulin responses were 
significantly higher after the phase shift than before it, when the test meal was 
consumed at a clock time of 1330h, and there was also an effect on circulating lipid 
levels, in that postprandial rises in plasma TAG and NEF A were delayed after the 
phase shift compared with before it. 
Whilst Hampton et al (1996) did show differences in the postprandial responses of a 
number of hormonal and metabolic parameters, when a meal was consumed at 
different body clock times, the full impact of the results could not be realised because 
of some limitations of the study design. The aim of the present study was to extend 
the observations from previous work (Hampton et al, 1996) concerning postprandial 
hormone and metabolic responses at different body clock times. Several additional 
aspects were also incorporated into the study design, which were potentially of great 
importance. These improvements included: 
(1) An increase in the number of subjects taking part in the study, so that greater 
statistical power was available, in order to minimise type 2 errors. 
(2) An extension to the sampling period, which was increased from six to nine 
hours, so that longer-term effects, particularly those involving postprandial 
lipid metabolism could be investigated. This was considered advantageous 
because postprandial TAG levels had not returned to basal levels during the 6-
hour sampling period. 
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(3) A third test meal study was included, two days after the rapid 9-hour phase 
delay, so that the speed of adaptation of any phase shift related effects to the 
baseline conditions could be established. 
(4) The pre-meal was modified to contain lower levels of fat, in an effort to 
remove the possibility of a masking effect of the high fat pre-meal on the 
postprandial TAG responses observed after the test meal in the initial study. 
Aside from these differences, the experimental procedure, including the content of the 
test meal, was maintained the same as described in previous work (Hampton et al, 
1996). 
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3.2. MATERIALS & METHODS 
3.2.1. Subjects 
Twelve healthy subjects (4 males and 8 females), aged 19-27 years (mean+/- SEM = 
24.1 +/- 0.58years) with body mass indices of20.9-29.0 kg/m2 (mean+/- SEM = 24.5 
+/- 0.87kg/m2), were recruited from the students and staff at the University of Surrey. 
Consent was obtained from each subject after full explanation of the purpose and 
nature of all procedures used. Subjects were all non-smokers, and were taking no 
medication, with the exception of oral contraceptives and/or mild analgesics. 
Standard biochemistry and haematology screening was conducted prior to inclusion in 
the study, and written consent and doctor's approval were obtained. Throughout the 
study, subjects avoided strenuous exercise and exposure to bright natural light. 
During the periods of imposed darkness, all windows were blacked out. Subjects 
were instructed to consume no more than two units of alcohol per day, and no alcohol 
or caffeine was permitted during the twelve hours before each test meal. 
3.2.2. Phase shifting protocol 
Prior to commencement, ethical approval for the study was obtained from the 
University of Surrey Advisory Committee on Ethics. Simulated phase shift was 
accomplished using a previously described method (Deacon et al, 1996; Deacon and 
Arendt, 1996; Hampton et al, 1996; Arendt et al, 1997). The protocol is outlined 
diagrammatically in figure 3.1, and summarised briefly here:-
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Baseline: For 4 days (D-3 to DO), subjects maintained a regular sleep/wake cycle, 
retiring to bed at 2330h, and rising at 0730h. 
Gradual advance phase shift: Following the baseline days, subjects were exposed to 
the following periods of bright full spectrum light (Vitalite 1200lux, in the Clinical 
Investigation Unit, University of Surrey): 
0430h(Dl)- 1430h(Dl) 
0130h(D2)- 1130h(D2) 
2230h(D2) - 0830h(D3) 
2230h(D3) - 0830h(D4) 
2230h(D4) - 0830h(D5) 
2230h(D5) - 0830h(D6) 
Each light treatment period was preceded by 8 hours of imposed darkness. Mealtimes 
were shifted in parallel with the light/dark cycle. During the remainder of each day, 
subjects could continue their normal activities indoors (light<300lux) or outdoors 
wearing sunglasses (reducing light intensity by >90% ). Immediately after the last 
bright light treatment, subjects were required to resume baseline conditions, i.e. 
darkness between 2330h and 0730h, for 6 days (D6-Dll), and to wear sunglasses 
when outdoors, effectively undergoing an abrupt 9h delay. 
The phase shift was monitored using the circadian rhythm marker, urinary 6-
sulphatoxymelatonin (aMT6s). Throughout the study, urine was collected 3-4 hourly 
(8-hourly when asleep) for measurement of the major melatonin metabolite, aMT6s, 
the volume recorded and aliquots frozen at -2ooc until assayed. In addition, a sleep 
diary was filled in after each sleep period. 
The subjects slept in their home environment, with the windows blacked out, on all 
occasions, except for on the evening of Day 0, when they slept in the Clinical 
Investigation Unit. This \vas so that any reduction in the already limited sleep period 
was kept to a n1inimum. 
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Figure 3.1: Diagrammatic representation of the phase shifting protocol 
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Figure 3.1 is a diagrammatic representation of the phase-shifting protocol, 
illustrating the timing of exposure to bright light (1 2001ux; open bar), darkness/sleep 
(solid bar) and natural ambient light (<3001ux; shaded bar). After a 4-day baseline 
period (D-3 to DO), 12 volunteers were subjected to a gradual 9h phase advance shift 
(D1 to D3), which was reinforced for a further 2-day period (D4 to D5), and then 
resumed baseline conditions (i.e. they underwent a rapid 9h phase delay shift on D6). 
Three test meal studies were conducted: pre-phase shift (DO), immediately post-phase 
shift (D6) and 2-days post-phase shift (DB). 
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3.2.3. Test meal studies 
Subjects were studied on DO, D6 and D8 (i.e. during the baseline period, immediately 
after a gradual 9-hour phase advance, and two days after return to baseline 
conditions). At 0800h on each of the study days, subjects were given a set pre-meal 
(2008kJ, 3% fat, 90% carbohydrate and 7% protein). Subjects then refrained from 
eating or drinking until the test meal, with the exception of water which was freely 
available throughout the entire study. At 1330h, subjects were given a test meal 
comprising 3330kJ, 37% fat, 52% carbohydrate and 11% protein. The meal was 
consumed within a 15-minute period Prior to the test meal, subjects were cannulated 
into an antecubital vein, and two baseline samples of 18ml were taken (-10 and Omin). 
Blood samples of 13ml were then taken for 9 hours following the test meal (20, 40, 
60, 90, 120, 180, 240, 300, 360, 420, 480 and 540min). Plasma was separated 
immediately by centrifugation, aliquoted and stored at -20°C. Plasma parameters 
measured included plasma glucose, NEF A, TAG, insulin, C-peptide, proinsulin and 
GIP. 
3.2.4. Assay procedures 
Plasma glucose, TAG and NEF A were measured by standard automated enzymatic 
spectrophotometric methods. Plasma immunoreactive insulin, proinsulin, C-peptide, 
GIP and urinary aMT6s were all measured using in-house radioimmunoassays. 
Further details of these procedures have already been discussed in chapter 2. 
3.2.5. Statistics 
Urine aMT6s data underwent a computerised cosinor analysis, using a program 
developed by Dr. D. S. Minors at the University of Manchester, which allowed 
acrophase times to be obtained. These were then statistically assessed using a paired 
t-test (Excel, Microsoft Corporation). All the plasma data obtained were subjected to 
Repeated Measures Analysis of Variance using the Statistica package (StatSoft, Tulsa, 
USA). Where appropriate, the exact source of the statistical differences was 
identified, using the Duncan New Multiple Range post hoc test. In addition, the basal 
values were subjected to a One-Way Analysis of Variance using the Statistica package 
(StatSoft, Tulsa, USA). 
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3.3. RESULTS 
3.3.1. Phase shift 
The effectiveness of the phase shifting protocol was illustrated using the aMT6s data. 
The mean melatonin acrophase (peak) times are shown in .figure 3.2. From this data, 
it can be concluded that an 8 hour phase advance shift was induced by day 6, with the 
mean acrophase time moving from approximately 3.50am (during the baseline period) 
to 7 .50pm at the point of greatest shift. On day 8, the mean melatonin acrophase time 
had altered to 11.30pm, indicating that the body clock had shifted approximately half-
way back to the baseline position. The data were subjected to a One-Way ANOV A, 
followed by a Duncan's post hoc test. The melatonin acrophase times had shifted 
significantly from the baseline values by study day 1, and were still statistically 
different on day 10. 
3.3.2. Sleep 
Each of the subjects filled in a sleep diary following each sleep period during the 
course of the study. The mean values for sleep quality, sleep latency and number of 
night awakenings, presented as difference from baseline values, are illustrated in 
figures 3.3, 3.4 and 3.5 respectively. All the data were subjected to a One-Way 
ANOV A, followed by a Duncan's post hoc test. When compared to baseline values, 
the subjects reported a significant deterioration in sleep quality on day 2 (p<O.Ol) and 
a significant improvement on days 5 and 6 (p<0.05). Sleep latency was found to be 
increased on day 2 (p<O.Ol), but decreased on days 7 and 8 (p<0.05), whilst the 
number of night awakenings recorded was significantly higher on days 2 (p<0.05) and 
3 (p<O.Ol). 
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FIGURE 3.2: Melatonin acrophase times 
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Figure 3.2 illustrates the melatonin acrophase times for 12 subjects (mean +I- SEM) 
who underwent a gradual 9 hour phase advance shift, followed by a rapid 9 hour 
phase delay shift. The test meal study days are marked *. 
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FIGURE 3.3: Subjective sleep quality 
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Figure 3.3 illustrates the subjective slet:p quality reported by 12 subjects (mean +1-
SEM) who underwent a gradual 9 hour phase advance shift, followed by a rapid 9 
hour phase delay shift. When compared to baseline values, it was found that the 
subjects rt:ported a significant deterioration in sleep quality on day 2 (p<O.Ol), and a 
significant improvement on days 5 and 6 (p<O. 05). 
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FIGURE 3.4: Subjective sleep latency 
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Figure 3. 4 illustrates the subjective sleep latency reported by 12 subjects (mean +1-
SEM) who underwent a gradual 9 hour phase advance shift, followed by a rapid 9 
hour phase delay shift. When compared to baseline values, it was found that the 
subjects reported a significant increase in sleep latency on day 2 (p<O.Ol), and a 
significant decrease on days 7 and 8 (p<0.05). 
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FIGURE 3.5: Subjective number of night awakenings 
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Figure 3.5 illustrates the subjective number of night awakenings reported by 12 
subjects (mean +/- SEM) who underwent a gradual 9 hour phase advance shJt, 
followed by a rapid 9 hour phase delay shift. When compared to baseline values, it 
was found that the subjects reported a significant increase in the number of night 
awakenings on days 2 (p<0.05) and 3 (p<O.Ol). 
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3.3.3. Factors affecting carbohydrate metabolism 
The basal and postprandial responses for plasma glucose, insulin, C-peptide, 
proinsulin and GIP on each of the three test meal study days are illustrated in figures 
3.6, 3. 7, 3.8, 3.9 and 3.10 respectively. All the data were subjected to repeated 
measures ANOV A, and if a significant difference was found, then the data was 
investigated further using the Duncan's post hoc test. No statistically significant 
differences were found when the data for glucose, insulin, C-peptide, proinsulin and 
GIP were considered, although there was a trend towards lower proinsulin levels 
(p<O.l), lower C-peptide levels (p<O.l) and higher GIP levels (p<O.l), on day 6, 
compared with day 0. 
In addition, the basal values obtained (time-point 0) were subjected to a One-Way 
ANOVA. No significant differences were found when the basal data for glucose, 
insulin, C-peptide, proinsulin and GIP were considered. 
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FIGURE 3.6: Basal and postprandial plasma glucose responses 
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Figure 3. 6 illustrates the basal and postprandial plasma glucose responses (mean +1-
SEM) following a test meal consumed at 1330h by the 12 subjects on each of the three 
study days. No statistically significant differences were found. 
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FIGURE 3. 7: Basal and postprandial plasma insulin responses 
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Figure 3. 7 illustrates the basal and postprandial plasma insulin responses (mean +1-
SEM) following a test meal consumed at 1330h by the 12 subjects on each of the three 
study days. No statistically significant differences were found 
3-15 
-s 
= e 
a 
ｾ＠
e 
ｾ＠
ｾ＠
ｾ＠
ｾ＠
I 
u 
FIGURE 3.8: Basal and postprandial plasma C-peptide responses 
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Figure 3. 8 illustrates the basal and postprandial plasma C-peptide responses (mean 
+I- SEM) following a test meal consumed at 1330h by the 12 subjects on each of the 
three study days. No statistically significant differences were found, although there 
was a trend towards lower C-peptide levels on day 6 (p<O.J). 
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FIGURE 3.9: Basal and postprandial plasma proinsulin responses 
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Figure 3. 9 illustrates the basal and postprandial plasma pro insulin responses (mean 
+/- SEM) following a test meal consumed at 1330h by the 12 subjects on each of the 
three study days. No statistically significant differences were found, although there 
was a trend towards lower proinsulin levels on day 6 (p<O.l). 
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FIGURE 3.10: Basal and postprandial plasma GIP responses 
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Figure 3.10 illustrates the basal and postprandial plasma G/P responses (mean +1-
SEM) following a test meal consumed at 1330h by the 12 subjects on each of the three 
study days. No statistically significant differences were found, although there was a 
trend towards higher GIP levels on day 6 (p<0.1). 
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3.3.4. Factors affecting lipid metabolism 
Basal and postprandial responses for plasma TAG on each of the three test meal study 
days are illustrated infigure 3.11. When the data were subjected to repeated measures 
ANOV A, a statistically significant interaction effect (two factor: time by day of study) 
was found (p<O.OOOOl). In addition, the basal values obtained (time-point 0) were 
subjected to a One-Way ANOVA. The basal value on day 0 was found to be 
significantly higher than that found on day 6 (p<O.OOl) and day 8 (p<0.05). To 
remove the influence of the variation in basal levels, the data were plotted as a 
difference from basal level, shown infigure 3.12. When these data were subjected to 
repeated measures ANOV A, a significant difference was found (p<0.000005). On 
further analysis using the Duncan's post hoc test, a significantly greater rise in TAG 
levels was found on day 6 compared with day 0 (p<O.OOOl) and day 8 (p<0.0005). 
Basal and postprandial responses for plasma NEF A on each of the three test meal 
study days are illustrated in figure 3.13. Significantly lower NEF A levels were found 
on day 6, compared to day 0 (p<O.OOl) and day 8 (p<O.Ol). In addition, the basal 
NEFA values obtained (time-point 0) were subjected to a One-Way ANOVA, 
followed by a Duncan's post hoc test. The basal value on day 6 was found to be 
significantly lower than that found on day 0 (p<0.005) and day 8 (p<0.005). To 
remove the influence of the variation in basal levels, the data were plotted as a 
difference from basal levels, shown infigure 3.14. When these data were subjected to 
repeated measures ANOV A, a significant difference was found (p<0.05). On further 
analysis using the Duncan's post hoc test, it was found that the postprandial values on 
day 6 were less variable from the basal values than those on both day 0 (p<0.05) and 
day 8 (p<0.05). 
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FIGURE 3.11: Basal and postprandial plasma TAG responses 
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Figure 3.11 illustrates the basal and postprandial plasma TAG responses (mean +1-
SEM) following a test meal consumed at 1330h by the 12 subjects on each of the three 
study days. A statistically significant interaction effect (time by day of study) was 
indicated by repeated measures ANOVA (p<0.00001). In addition, the basal TAG 
levels were found to be significantly lower on day 6, than on day 0 (p<0.001) and day 
8 (p<0.05). 
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FIGURE 3.12: Postprandial plasma TAG responses, expressed as difference 
from basal levels 
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Figure 3.12 illustrates the postprandial plasma TAG responses, expressed as 
difference from basal levels (mean +/- SEM), following a test meal consumed at 
1330h by the 12 subjects on each of the three study days. A statistically significant 
difference was indicated by repeated measures ANOVA (single-factor: day of study, 
p<0.000005), with a faster rise in TAG levels on day 6, compared with day 0 
(p<0.0001) and day 8 (p<0.0005). 
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FIGURE 3.13: Basal and postprandial plasma NEF A responses 
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Figure 3.13 illustrates the basal and postprandial plasma NEFA responses (mean +1-
SEM) following a test meal consumed at 1330h by the 12 subjects on each of the three 
study days. A statistically significant difference was indicated by repeated measures 
ANOVA (single-factor: day of study, p<0.005), with lower NEFA levels on day 6, 
compared with day 0 (p<0.001) and day 8 (p<0.01). In addition, significantly lower 
basal NEFA levels were found on day 6, compared with day 0 (p<0.005) and day 8 
(p<0.005). 
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FIGURE 3.14: Postprandial plasma NEFA responses, expressed as difference 
from basal levels 
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Figure 3.14 illustrates the postprandial plasma NEF A responses, expressed as 
difference from basal levels (mean +/- SEM), following a test meal consumed at 
1330h by the 12 subjects on each of the three study days. A statistically significant 
difference was indicated by repeated measures ANO VA (single-factor: day of study, 
p<0.05), with a slower rise in NEFA levels on day 6, compared with day 0 (p<0.05) 
and day 8 (p<O. 05). 
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3.4. DISCUSSION 
3.4.1. Effectiveness of the phase shifting protocol 
In this study, a previously described combination of appropriately timed bright light 
and darkness/sleep was successfully employed to phase advance subjects by 
approximately 8 hours in a controlled fashion, so that their body clock time was 2130h 
at a clock time of 1330h, when the test meal was given. Hence, the timing of the 
meals simulated a body clock time of lunchtime (Day 0: 1330h) and late evening (Day 
6: 2130h). The body clock time on the third meal study day (Day 8) was 
approximately four and a half hours later when compared with the baseline meal study 
day (i.e. subjects had the test meal at a body clock time of approximately 1800h). 
3.4.2. Sleep 
The mean subjective sleep data correlated well with the phase-shifting protocol. 
There was a general deterioration in sleep on study days 1 and 2, with a decrease in 
sleep quality and an increase in sleep latency and number of night awakenings. Study 
days 1 and 2 were within the period when the gradual phase advance was imposed, 
and hence, were when the subjects were required to sleep at a time which was 
inappropriately early when considering their body clock. The sleep data seems to 
suggest that the subjects had become accustomed to the 8 hour phase advance by 
study day 3, which is in agreement with the mean melatonin acrophase time shown in 
figure 3.2, which shows that the maximum point of shift had been reached at this time. 
The sleep data also suggests that there was an improvement in sleep on study days 5 
and 6, which correlates with the subjects undergoing a rapid 8 hour phase delay. At 
this time, the subjects were required to remain awake for a period of approximately 25 
hours for the preceding day, so it was unsurprising that they reported no sleeping 
problems. This data corresponds extremely well with the research conducted by Dr. 
Stephen Deacon (Deacon, 1994), who illustrated an almost identical response in 
sleeping patterns to a rapid 9 hour phase delay following a gradual 9 hour phase 
advance. 
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3.4.3. Factors affecting carbohydrate metabolism 
Insulin sensitivity is known to be lower during the night than in the day (Van Cauter et 
al, 1992; Lee et al, 1992; Owens et al, 1996), and it has been previously reported that 
when test meals were given at different times of the day, differences in postprandial 
plasma glucose levels were observed (Carroll and Neste!, 1973; Service et al, 1983). 
Other workers have reported reduced peripheral tissue sensitivity to insulin in the 
evening compared to the morning (Verrillo et al, 1989) and relatively impaired insulin 
secretion in response to intravenous glucose has also been demonstrated (Shapiro et 
al, 1988). 
Therefore, it might be expected that it would take a greater amount of insulin to cope 
with the same amount of glucose when the body clock time was 2130h (i.e. 
immediately post-phase shift) than when the body clock time was 1330h (i.e. pre-
phase shift). Indeed, exactly this situation has been found in this laboratory 
previously (Hampton et al, 1996), when a high fat pre-meal was employed. However, 
in this most recent study, no differences in either the glucose or insulin responses to 
the test meal were observable when pre- and post-phase shift results were compared. 
This suggests that a high carbohydrate pre-meal eliminates the effect of the diurnal 
rhythm of insulin resistance. It has been reported previously that both postprandial 
glucose and lipid tolerance can be influenced by the nutrient composition of the 
previous meal (Service et al, 1983; Frape et al, 1997). One factor in need of 
consideration was the time elapsed since the previous sleep, which was considerably 
greater on the test meal study day immediately post-phase shift than either of the other 
two. However, sleep deprivation of 10 hours has been reported to have no effect on 
glucose tolerance (Van Helder et al, 1993), and the length of sleep deprivation in this 
study was identical to that used by Hampton and colleagues (1996). 
3.4.4. Factors affecting lipid metabolism 
Considerable differences in the TAG and NEF A responses to a standard meal were 
observable when pre- and post-phase shift results were compared, as both parameters 
took considerably longer to return to their basal levels post-phase shift. Such a 
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delayed return to basal levels was not found in previous work which utilised a higher 
fat pre-meal (Hampton et al, 1996), although this may, at least in part, be due to the 
longer sampling period employed in this latest study. 
When considering the TAG levels, the basal values immediately post-phase shift were 
considerably lower than pre-phase shift, which could indicate the existence of a 
diurnal variation in TAG. This has been proposed following a recent constant routine 
study '(Morgan eta/, 1998), but according to this data, TAG would be expected to be 
higher during subjective night time rather ,than lower as found here. Once again, a 
circadian aspect to the metabolism and/or clearance of the pre-meal could be 
important. 
When the postprandial TAG responses are considered, the failure of the TAG levels 
immediately post-phase shift to return to basal values within 9 hours is consistent with 
insulin resistance. Insulin activates lipoprotein lipase (LPL ), a key regulatory enzyme 
in circulating TAG clearance, and also suppresses VLDL secretion by the liver 
(Sparks and Sparks, 1993). A lower nocturnal insulin sensitivity could therefore be 
associated with lower LPL activity and therefore relatively impaired TAG clearance, 
qr higher circulating TAG levels of hepatic origin. Although none of the absolute 
TAG values are particularly high, and thus consistent with the subjects being young, 
non-obese and normolipidaemic, the statistically significant differences illustrated 
when postprandial responses are shown as differences from basal levels indicates a 
greater variation from basal levels immediately post-phase shift. 
There is increasing interest in the association between circulating NEF A levels and 
coronary heart disease risk. Elevated NEF A concentrations have not often been 
considered as a risk factor for coronary heart disease, probably because plasma NEF A 
concentrations are often masked by factors such as exercise, smoking and stress level 
(Frayn et al, 1996). However, in this study, subjects were all non-smokers, their 
exercise regimes were controlled throughout, and the procedure on each test meal 
study day was identical, so there would be no reason for a general alteration in the 
stress levels of the subjects. This is supported by a recent study (Iakovaki, 1997), 
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which showed that cannulation had no effect on the basal NEF A levels. However, 
there are at least two possible explanations for the higher fasting NEF A levels 
observed pre-phase shift and 2-days post-phase shift, compared with immediate post-
phase shift. The first of these is the existence of a daily rhythm in plasma NEF A 
levels. Such a phenomenon has been proposed by other workers (Reaven et al, 1988), 
who suggested that NEF A levels are highest in the morning and decrease gradually 
during the day, before there is a gradual increase overnight. Secondly, there may be a 
circadian aspect to the rate of metabolism of the pre-meal, or to the rate of clearance 
ofNEFA. 
After a carbohydrate-containing meal, hormone-sensitive lipase, and hence fat 
mobilisation, are suppressed by insulin. This is logical as at this time there is no need 
for the body to mobilise its own fat stores, and the consequent depression of plasma 
NEF A values is clearly seen on each of the test meal study days. When the NEF A 
data are considered as a difference from basal values, higher levels are observed 
immediately post-phase shift, but this is clearly only because the basal NEF A values 
are lower to begin with, so that the detectable NEF A suppression is ｣ｯｮｴｲｯｬｾ･､＠ by the 
limit of detection of the assay. There is unlikely to be a difference in terms of insulin 
sensitivity because the absolute level of postprandial NEF A suppression and the time 
to return to basal levels was the same on each test meal study day. This is not wholly 
unexpected, as the suppression of hormone-sensitive lipase by insulin is very 
sensitive. This is an important consideration as elevation of VLDL-TAG levels, a 
known risk factor for coronary heart disease, has been closely related to an 
impairment in the ability of insulin to suppress circulating NEF A (McKeigue et al, 
1993). 
3.4.5. Summary 
In summary, twelve healthy volunteers underwent a gradual 9-hour phase advance, 
using a combination of timed bright light exposure and sleep. Test meal studies were 
timed to occur during the baseline period, immediately after the gradual 9-hour phase 
advance, and two days after the return to baseline conditions, so that the test meal was 
consumed at a body clock time of approximately 1330h, 2130h and 1830h. The most 
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significant observations made were that postprandial NEF A levels were lower, whilst 
postprandial TAG levels rose faster, when the test meal was consumed at a body clock 
time of approximately 2130h, compared with the responses when the same meal was 
consumed at 1330h 
It was interesting to note that for those hormonal and metabolic parameters for which 
a difference was found between pre- and immediate post-phase shift values, the 2-day 
post-phase shift values were always of an intermediate nature (i.e. between the pre-
phase shift and immediate post-phase shift values), suggesting that any effects 
observed were genuinely due to differences in the internal body clock time when the 
test meal was eaten. As a consequence ofthe fact that a high level of TAG is known 
to be a risk factor for coronary heart disease (Frayn and Coppack, 1992), particularly 
when found 6 hours after an oral fat load (Patsch et al, 1992) as in this study, and that 
higher TAG levels have been reported in shift workers (Romon et al, 1992), the 
fmdings of this study may provide a partial explanation for the increased occurrence 
of coronary heart disease reported in shift workers. However, much research is still 
required to enable greater understanding, and in chapter 4, another study is outlined, 
which further investigates some of the issues raised here. 
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CHAPTER4 
POSTPRANDIAL RESPONSES TO A TEST MEAL 
ON DAY AND SIMULATED NIGHT SIDFTS 
4.1. INTRODUCTION 
In chapter 3, it was clear that a number of blood constituents respond differently after 
a meal depending on the internal body clock time at which the meal is consumed. As 
a number of these variables, including insulin and TAG, have been linked with CHD, 
these fmdings are of potential importance to health. In addition, based on this 
previous work (chapter 3), and work conducted previously in this laboratory 
(Hampton et al, 1996), it has been shown that the content of the previous meal 
consumed may have a marked effect on the response to a test meal consumed five and 
a half hours later. 
Shift workers consistently consume meals at unusual times of day and night. If the 
postprandial responses to a meal were affected by the phase position of the internal 
body clock, then it appeared likely that shift workers consuming a meal on the night 
shift, when their body clock is unadapted, would show similar changes. Therefore, 
this study was designed to compare the postprandial responses to a test meal on a 
simulated night shift, and on a day shift, as well as to provide a more realistic model 
of shift work than that used in chapter 3. To enable further investigation of the effect 
of the pre-meal on the responses to the test meal, the study was divided into two parts. 
In one of these, a low fat pre-meal was consumed by the subjects on both occasions, 
whilst in the other, the subjects consumed a high fat pre-meal on both occasions. The 
low fat pre-meal and the test meal were kept identical to those used in the simulated 
phase shift study (chapter 3), whilst the high fat pre-meal was identical to that used by 
Hampton and colleagues ( 1996). 
Thus, the primary aims and objectives of this study were: 
(1) To compare basal and postprandial responses to a test meal consumed by 
healthy volunteers on a day shift, and a simulated night shift. 
(2) To investigate whether these postprandial responses were affected by the 
nutritional content of the meal consumed prior to the shift. 
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4.2. STUDY DESIGN 
4.2.1. Subjects 
A total of 22 healthy volunteers (10 males and 12 females), aged 20-30 years (mean 
+/- SEM = 23 +/- 2) with body mass indices of 19-26kg/m2 (mean +/- SEM = 22 +/-
2), were recruited from the postgraduates and staff at the University of Surrey. 
Subjects were all non-smokers, and were taking no medication, with the exception of 
oral contraceptives and/or mild analgesics. Standard biochemistry and haematology 
screening was conducted prior to inclusion in the study, and written consent and 
doctor's approval were obtained prior to the start of the study. Throughout the study, 
subjects avoided strenuous exercise and exposure to bright natural light. During the 
periods of imposed darkness, all windows were blacked out. Subjects were instructed 
to consume no more than two units of alcohol per day during the baseline period, and 
no alcohol or caffeine was permitted during the 12 hours prior to, or during, each test 
meal study period. Prior to its commencement, ethical approval for the study was 
obtained from the Advisory Committee on Ethics both at the University of Surrey and 
at the Royal Surrey County Hospital. 
4.2.2. Protocol 
The protocol is outlined in figure 4.1. Each subject was studied on two occasions. 
On one of these occasions, the subjects were given a set pre-meal at 0800h. Subjects 
then refrained from eating or drinking until the test meal, although water was freely 
available throughout the day. At 1330h, subjects were given a test meal comprising 
3330kJ, 37% fat, 52% carbohydrate and 11% protein. The meal was consumed within 
a 15-minute period. Prior to the test meal, subjects were cannulated in an antecubital 
vein, and two baseline samples of. 18ml were taken ( -10 and Omin). Blood samples of 
13ml were then taken at frequent intervals for 9 hours following the test meal (20, 40, 
60, 90, 120, 180, 240, 300, 360, 420, 480 and 540min). On the other occasion, the 
exact protocol was followed but twelve hours later in the day, so that the set pre-meal 
was consumed at 2000h, and the test meal at 0130h. The subjects were permitted to 
have a pre-shift sleep/rest period in complete darlmess, between 1400h and 1930h. 
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Prior to each study leg, the subjects maintained a standardised sleep/wake cycle for 72 
hours. In addition, they refi·ained from taking any exercise or consuming any alcohol. 
No food or drink (other than water) was permitted in the six hours prior to 
consumption ofthe pre-meal. 
The subjects collected 3-4 hourly urine samples (8 hourly when asleep) for two days 
prior to, and throughout, the shift being investigated, to allow assessment of body 
clock status by measurement of urinary aMT6s. In addition, the subjects filled in 
hourly subjective mood assessment charts during each shift. For each parameter, 
there was a 1 Ocm scale with the two extremes of mood at each end. The mood 
parameters studied included alertness (very drowsy-very alert), energy levels (very 
lethargic-very energetic), happiness (very sad-very happy) and calmness (very 
anxious-very calm). There was always a two-week gap for each individual subject 
between the two studies. 
To enable the effect of the content of the pre-meal on the postprandial response to the 
test meal to be evaluated, the subjects were divided into two groups, one of 12 (6 
males and 6 females), and the other of 10 ( 4 males and 6 females). The first of these 
groups consumed a low fat pre-meal comprising 2008kJ, 3% fat, 92% carbohydrate 
and 7% protein on both of the occasions that they were studied, whilst the second 
group consumed a high fat pre-meal comprising 1243kJ, 49% fat, 24% carbohydrate 
and 27% protein. 
4.2.3. Analyses 
Plasma glucose, TAG and NEFA were measured by standard automated enzymatic 
spectrophotometric methods. Plasma immunoreactive insulin, C-peptide, proinsulin, 
GIP and urinary aMT6s were all measured using in-house radioimmunoassays. 
Further details of these procedures have already been discussed in chapter 2. 
4.2.4. Statistical analysis 
Urine aMT6s data underwent a computerised cosinor analysis, using a program 
developed by Dr. D. S. Minors at the University of Manchester, which allowed 
acrophase times to be obtained. These were then statistically assessed using a paired 
t-test (Excel, Microsoft Corporation). All the plasma data obtained were subjected to 
Repeated Measures Analysis of Variance using the Statistica package (StatSoft, Tulsa, 
USA). In addition, basal values were subjected to a paired t-test (Excel, Microsoft 
Corporation). 
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FIGURE 4.1: Outline of the study protocol 
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Figure 4.1 outlines the study protocol followed PM = Pre-meal, TM = Test meal. 
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4.3. RESULTS 
4.3.1. Assessment of body clock status 
The urinary aMT6s acrophase times were calculated using a cosinor curve fitting 
package. Three acrophase times (time at which aMT6s reaches peak value) were 
obtained- the day shift (D), the simulated night shift itself (N) and the day following 
the simulated night shift (N+ 1 ). The data were divided so that any effect of the 
content of the pre-meal could be ascertained. The mean calculated acrophase times 
are plotted, following consumption of the low fat and the high fat pre-meal, infigures 
4.2 and 4.3 respectively. The data were statistically assessed using a paired t-test. No 
statistically significant differences were found when the aMT6s acrophases on the day 
shift and the simulated night shift were compared. The peak amplitude levels were 
obtained in a similar fashion, and are illustrated infigures 4.4 and 4.5. Once again, no 
statistically significant differences were detected. 
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FIGURE 4.2: Mean aMT6s acrophase times on day and simulated night shift, 
following consumption of the low fat pre-meal 
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Figure 4.2 illustrates the aMT6s acrophase times of the 12 subjects (mean +/- SEM) 
on both the day shift and the simulated night shift, following consumption of the low 
fat pre-meal. No statistically significant differences were found. 
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FIGURE 4.3: Mean aMT6s acrophase times on day and simulated night shift, 
following consumption of the high fat pre-meal 
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Figure 4.3 illustrates the aMT6s acrophase times of the 10 subjects (mean +/- SEM) 
on both the day shift and the simulated night shift, following consumption of the high 
fat pre-meal. No statistically significant differences were found. 
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FIGURE 4.4: Mean aMT6s amplitude values on day and simulated night shift, 
following consumption of the low fat pre-meal 
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Figure 4.4 illustrates the aMT6s amplitude values ofthe 12 subjects (mean+/- SEM) 
on both the day shift and the simulated night shift, following consumption of the low 
fat pre-meal. No statistically significant differences were found. 
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FIGURE 4.5: Mean aMT6s amplitude values on day and simulated night shift, 
following consumption of the high fat pre-meal 
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Figure 4.5 illustrates the aMT6s amplitude values of the 10 subjects (mean+/- SEM) 
on both the day shift and the simulated night shift, following consumption of the high 
fat pre-meal. No statistically significant differences were found. 
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4.3.2. Effect of type of shift and pre-meal on mood ratings 
The mean subjective ratings for alertness, energy, happiness and calmness, on both 
the day shift and the simulated night shift, following consumption of the low fat pre-
meal, are illustrated in .figures 4. 6 and 4. 7 respectively. All the data were subjected to 
a repeated measures ANOV A. No statistically significant differences were found 
when the happiness and calmness ratings were considered. Statistically significant 
interaction (time by type of shift) effects were found when the energy (p<0.005) and 
alertness (p<O.OOOl) ratings were considered. 
The mean subjective ratings for alertness, energy, happiness and calmness, on both 
the day shift and the simulated night shift, following consumption of the high fat pre-
meal, are illustrated infigures 4.8 and 4.9 respectively. All the data were subjected to 
a repeated measures ANOV A. No statistically significant differences were found 
when the happiness, calmness and energy ratings were considered. A statistically 
significant single-factor (type of shift) effect (p<0.005) was found when the alertness 
ratings were considered, with the alertness levels found to be lower on the simulated 
night shift. 
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FIGURE 4.6: Subjective assessment of alertness and energy levels on day and 
simulated night shift, following consumption of the low fat pre-meal 
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Figure 4. 6 illustrates the subjective assessment of alertness and energy levels 
reported by the 12 subjects (mean +I- SEM) on both the day shift (pre-meal consumed 
at 0800h) and the simulated night shift (pre-meal consumed at 2000h). Statistically 
significant interaction (time by type of shift) effects were indicated for both alertness 
(p<O.OOOJ) and energy levels (p<0.005) by repeated measures ANOVA. 
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FIGURE 4.7: Subjective assessment of happiness and calmness levels on day and 
simulated night shift, following consumption of the low fat pre-meal 
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Figure 4. 7 illustrates the subjective assessment of happiness and calmness levels 
reported by the 12 subjects (mean+/- SEM) on both the day shift (pre-meal consumed 
at 0800h) and the simulated night shift (pre-meal consumed at 2000h), following 
consumption of the low fat pre-meal. No statistically significant differences were 
found. 
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FIGURE 4.8: Subjective assessment of alertness and energy levels on day and 
simulated night shift, following consumption of the high fat pre-meal 
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Figure 4. 8 illustrates the subjective assessment of alertness and energy levels 
reported by the 10 subjects (mean+/- SEM) on both the day shift (pre-meal consumed 
at 0800h) and the simulated night shift (pre-meal consumed at 2000h), following 
consumption of the high fat pre-meal. Significantly lower alertness levels were 
indicated on the night shift by repeated measures ANOVA (single-factor: type of shift, 
p<0.005), but no significant differences were found when the energy levels were 
considered 
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FIGURE 4.9: Subjective assessment of happiness and calmness levels on day and 
simulated night shift, following consumption of the high fat pre-meal 
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Figure 4. 9 illustrates the subjective assessment of happiness and calmness levels 
reported by the 10 subjects (mean +I- SEM) on both the day shift (pre-meal consumed 
at 0800h) and the simulated night shift (pre-meal consumed at 2000h), following 
consumption of the high fat pre-meal. No statistically significant differences were 
found. 
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4.3.3. Effect of type of shift and pre-meal on carbohydrate metabolism 
The basal and postprandial responses to the test meal, following consumption of the 
low fat pre-meal, for glucose, insulin, C-peptide, proinsulin and GIP, on the day shift 
and on the night shift, are illustrated in figures 4.1 0, 4.11, 4.12, 4.13 and 4.14 
respectively. All the data were subjected to a repeated measures ANOV A. No 
statistically significant differences were observed when the data for glucose, insulin 
and proinsulin were considered. Statistically significant interaction (time by type of 
shift) effects were observed for C-peptide (p<O.OOl) and GIP (p<0.005), and there 
was also a clear trend in the single-factor (type of shift) effect (p<O.l) towards lower 
GIP levels at night, compared with during the day. 
In addition, the basal values obtained (time-point 0) were subjected to a One-Way 
ANOV A. No significant differences were found when the data for glucose, insulin, 
C-peptide, proinsulin and GIP, following consumption of the low fat pre-meal, were 
considered. 
The basal and postprandial responses to the test meal, following consumption of the 
high fat pre-meal, for glucose, insulin, C-peptide, proinsulin and GIP, on the day shift 
and on the night shift, are illustrated in figures 4.15, 4.16, 4.17, 4.18 and 4.19 
respectively. When the data were subjected to a repeated measures (single factor: 
type of shift) ANOV A, significantly higher night-time responses of glucose (p<0.005) 
and insulin (p<O.Ol) were found, together with a significantly lower night-time 
response of proinsulin (p<O.Ol). No statistically significant differences were found 
when the C-peptide and GIP data were considered. 
In addition, the basal values obtained (time-point 0) were subjected to a One-Way 
ANOV A. No significant differences were found when the data for glucose, insulin, 
C-peptide, proinsulin and GIP, following consumption of the high fat pre-meal, were 
considered. 
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FIGURE 4.10: Basal and postprandial glucose responses on day and simulated 
night shift, foUowing consumption of the low fat pre-meal 
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Figure 4.10 illustrates the basal and postprandial glucose responses to the test meal 
(mean +/- SEM), on both the day shift (test meal consumed at 1330h) and the 
simulated night shift (test meal consumed at 0130h),following consumption of the low 
fat pre-meal. No statistically significant differences were found. 
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FIGURE 4.11: Basal and postprandial insulin responses on day and simulated 
night shift, following consumption of the low fat pre-meal 
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Figure 4.11 illustrates the basal and postprandial insulin responses to the test meal 
(mean +/- SEM), on both the day shift (test meal consumed at 1330h) and the 
simulated night shift (test meal consumed at 0130h),following consumption of the low 
fat pre-meal. No statistically significant differences were found. 
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FIGURE 4.12: Basal and postprandial C-peptide responses on day and simulated 
night shift, foUowing consumption of the low fat pre-meal 
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Figure 4.12 illustrates the basal and postprandial C-peptide responses to the test 
meal (mean +/- SEM), on both the day shift (test meal consumed at 1330h) and the 
simulated night shift (test meal consumed at 0130), following consumption of the low 
fat pre-meal. A statistically significant interaction (time by type of shift) effect was 
indicated by repeated measures ANOVA (p<0.001). 
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FIGURE 4.13: Basal and postprandial proinsulin responses on day and 
simulated night shift, following consumption of the low fat pre-meal 
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Figure 4.13 illustrates the basal and postprandial proinsulin responses to the test 
meal (mean +/- SEM), on both the day shift (test meal consumed at 1330h) and the 
simulated night shift (test meal consumed at 0130h), following consumption of the low 
fat pre-meal. No statistically significant differences were found 
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FIGURE 4.14: Basal and postprandial GIP responses on day and simulated 
night shift, following consumption of the low fat pre-meal 
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Figure 4.14 illustrates the basal and postprandial GIP responses to the test meal 
(mean +/- SEM), on both the day shift (test meal consumed at 1330h) and the 
simulated night shift (test meal consumed at 0130h),following consumption of the low 
fat pre-meal. A statistically significant interaction effect was indicated by repeated 
measures ANOVA (time by type of shift, p<0.005). 
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FIGURE 4.15: Basal and postprandial glucose responses on day and simulated 
night shift, foUowing consumption of the high fat pre-meal 
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Figure 4.15 illustrates the basal and postprandial glucose responses to the test meal 
(mean +/- SEM), on both the day shift (test meal consumed at 1330h) and the 
simulated night shift (test meal consumed at 0130h), following consumption of the 
high fat pre-meal. Significantly higher glucose levels were indicated on the night shift 
by repeated measures ANOVA (single-factor: type of shift, p<0.005). 
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FIGURE 4.16: Basal and postprandial insulin responses on day and simulated 
night shift, foUowing consumption of the high fat pre-meal 
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Figure 4.16 illustrates the basal and postprandial insulin responses to the test meal 
(mean +/- SEM), on both the day shift (test meal consumed at 1330h) and the 
simulated night shift (test meal consumed at 0130h), following consumption of the 
high fat pre-meal. Significantly higher insulin responses were indicated on the night 
shift by repeated measures ANOVA (single-factor: type of shift, p<O.OJ). 
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FIGURE 4.17: Basal and postprandial C-peptide responses on day and simulated 
night shift, foUowing consumption of the high fat pre-meal 
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Figure 4.17 illustrates the basal and postprandial C-peptide responses to the test 
meal (mean +/- SEM), on both the day shift (test meal consumed at 1330h) and the 
simulated night shift (test meal consumed at 0130h), following consumption of the 
high fat pre-meal. No statistically significant differences were found. 
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FIGURE 4.18: Basal and postprandial proinsulin responses on day and 
simulated night shift, following consumption of the high fat pre-meal 
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Figure 4.18 illustrates the basal and postprandial proinsulin responses to the test 
meal (mean +/- SEM), on both the day shift (test meal consumed at 1330h) and the 
simulated night shift (test meal consumed at 0130h), following consumption of the 
high fat pre-meal. Significantly lower pro insulin levels were indicated on the night 
shift by repeated measures ANOVA (single-factor: type of shift, p<O.Ol). 
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FIGURE 4.19: Basal and postprandial GIP responses on day and simulated 
night shift, foUowing consumption of the high fat pre-meal 
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Figure 4.19 illustrates the basal and postprandial GIP responses to the test meal 
(mean +/- SEM), on both the day shift (test meal consumed at 1330h) and the 
simulated night shift (test meal consumed at 0130h), following consumption of the 
high fat pre-meal. No statistically significant differences were found. 
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4.3.6. Effect of type of shift and pre-meal on lipid metabolism 
The basal and postprandial responses to the test meal, following consumption of the 
low fat pre-meal, for TAG and NEF A, on the day shift and on the simulated night 
shift, are illustrated in figures 4.20 and 4.21 respectively. When the data were 
subjected to a repeated measures (single factor: type of shift) ANOVA, significantly 
higher TAG levels were found at night (p<0.05), compared with during the day, 
whilst significantly lower NEF A levels were found at night (p<0.005), compared with 
during the day. 
In addition, the basal values obtained (time-point 0) were subjected to a One-Way 
ANOVA. No significant differences were found when the data for TAG and NEFA, 
following consumption of the low fat pre-meal, were considered. 
The basal and postprandial responses to the test meal, following consumption of the 
high fat pre-meal, for TAG and NEFA, on the day shift and on the simulated night 
shift, are illustrated in figures 4.22 and 4.23 respectively. When the data were 
subjected to a repeated measures (single factor: type of shift) ANOVA, significantly 
higher night-time TAG levels (p<O.Ol) and significantly lower night-time NEFA 
levels (p<O.O 1) were found. 
In addition, the basal values obtained (time-point 0) were subjected to a One-Way 
ANOV A. No significant differences were found when the data for NEF A, following 
consumption of the low fat pre-meal, were considered. However, the basal TAG 
levels were found to be significantly elevated (p<0.05) on the night shift, compared 
with during the day. 
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FIGURE 4.20: Basal and postprandial TAG responses on day and simulated 
night shift, following consumption of the low fat pre-meal 
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Figure 4.20 illustrates the basal and postprandial TAG responses to the test meal 
(mean +/- SEM), on both the day shift (test meal consumed at 1330h) and the 
simulated night shift (test meal consumed at 0130h),following consumption of the low 
fat pre-meal. Significantly higher TAG levels were indicated on the night shift by 
repeated measures ANOVA (single-factor: type of shift, p<0.05). 
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FIGURE 4.21: Basal and postprandial NEFA responses on day and simulated 
night shift, following consumption of the low fat pre-meal 
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Figure 4. 21 illustrates the basal and postprandial NEF A responses to the test meal 
(mean +/- SEM), on both the day shift (test meal consumed at 1330h) and the 
simulated night shift (test meal consumed at 0130h),following consumption of the low 
fat pre-meal. Significantly lower NEF A levels were indicated on the night shift by 
repeated measures ANOVA (single-factor: type of shift, p<0.005). 
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FIGURE 4.22: Basal and postprandial TAG responses on day and simulated 
night shift, foUowing consumption of the high fat pre-meal 
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Figure 4.22 illustrates the basal and postprandial TAG responses to the test meal 
(mean +/- SEM), on both the day shift (test meal consumed at 1330h) and the 
simulated night shift (test meal consumed at 0130) following consumption of the high 
fat pre-meal. Significantly higher TAG levels were indicated on the night shift by 
repeated measures ANOVA (single-factor: type of shift, p<O.Ol). In addition, basal 
TAG levels were found to be significantly elevated (p<0.05) on the night shift, 
compared with during the day. 
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FIGURE 4.23: Basal and postprandial NEFA responses on day and simulated 
night shift, foUowing consumption of the high fat pre-meal 
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Figure 4.23 illustrates the basal and postprandial NEFA responses to the test meal 
(mean +/- SEM), on both the day shift (test meal consumed at 1330h) and the 
simulated night shift (test meal consumed at 0 130h) following consumption of the 
high fat pre-meal. Significantly lower NEF A levels were indicated on the night shift 
by repeated measures ANOVA (single-factor: type of shift, p<O.Ol). 
4-31 
4.4. DISCUSSION 
4.4.1. Assessment of body clock status 
No significant differences were found in acrophase times when day and night shift 
were compared. This was in agreement with data in real shift workers, which has 
suggested that the acrophase time does not alter significantly on the frrst of a series of 
night shifts (Barnes et al, 1998). There was a trend towards a decrease in aMT6s 
amplitude on the night shift, compared with during the day. The most likely 
explanation for these decreased night-time aMT6s amplitudes is that the aMT6s levels 
were suppressed by the domestic lighting to which the subjects were exposed whilst 
awake on the simulated night shift. 
4.4.2. Effect of type of shift and pre-meal on mood ratings 
Following consumption of the low fat pre-meal, the night-time ratings for both energy 
levels and alertness were both significantly lower than the daytime ratings. This was 
clearly due to differences in the second half of the night shift, from approximately 
0400h onwards, compared with the second half of the day shift. There was a similar, 
although non-significant, trend when the happiness ratings were considered, but little 
or no trend was apparent when the calmness ratings were considered. 
Following conswnption of the high fat pre-meal, the night-time ratings for alertness 
were significantly lower than the daytime ratings. In contrast to the results when the 
subjects had conswned a low fat pre-meal, the night-time levels were lower 
throughout the night shift, compared with during the day, rather than just in the latter 
half of the simulated shift. This seems to suggest that the low fat pre-meal, or 
possibly, the higher carbohydrate content of this pre-meal, was able to maintain the 
alertness rating at a level similar to that seen on the day shift until approximately 
0400h. 
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4.4.3. Effect of type of shift and pre-meal on carbohydrate metabolism 
No differences were found between the basal and postprandial levels when the day 
and night shifts were compared, for glucose, insulin and proinsulin, following 
consumption of the low fat pre-meal. These results are in agreement with those 
reported in the simulated phase shift study (see chapter 3). Whilst the existence of a 
diurnal rhythm in glucose tolerance has been widely reported elsewhere (Carroll and 
Nestel, 1973; Service et al, 1983; Van Cauter et al, 1992; Lee et al, 1992; Owens et 
al, 1996), it has also been reported that postprandial glucose tolerance can be 
influenced by the nutrient composition of the previous meal (Service et al, 1983; 
Frape et al, 1997). In both this study and the simulated phase shift study, it appears 
that the low fat pre-meal has eliminated any discernible diurnal rhythm of glucose 
tolerance. In slight contrast to this, the postprandial responses of both glucose and 
proinsulin do seem slower to return to basal levels on the simulated night shift, 
compared with on the day shift. Although neither reached statistical significance, 
they are consistent with both increased insulin resistance and slower gastric emptying 
on the night shift. The trend towards elevated night-time proinsulin levels after 
consumption of the low fat pre-meal may be considered relevant in their own right, 
because of the increased risk of CHD associated with hyperproinsulinaemia (Lindahl, 
1998). 
In contrast to the simulated phase shift study, lower postprandial GIP levels were 
found on the simulated night shift, compared with on the day shift. This might 
indicate a slower rate of gastric emptying at night, as has been reported elsewhere 
(Goo et al, 1987), and provides a potential explanation for the slower removal of TAG 
at night, which is discussed in the next section. The difference in GIP results between 
this study and the simulated phase shift study (chapter 3) may have been due to the 
differences in timings of the meals. In the phase shift study, the immediate post-shift 
test meal was consumed at a body clock time of approximately 2130h, whilst in this 
study, the test meal was consumed at a body clock time of approximately 0 130h. 
Therefore, it is possible that differences in the rate of gastric emptying are not 
observed until later in the night. 
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In contrast to the fmdings following consumption of the low fat pre-meal, 
significantly elevated postprandial levels of glucose and insulin were found on the 
simulated night shift, compared with on the day shift, following consumption of the 
high fat pre-meal. This was in agreement with the results of Hampton et al (1996). 
The data in this high fat pre-meal study seems to correlate well with the diurnal 
rhythm of glucose tolerance proposed by a number of workers (Carroll and Nestel, 
1973; Service et al, 1983; Van Cauter et al, 1992; Lee et al, 1992; Owens et al, 1996). 
When considering the GIP data, there appears to be a non-significant trend towards 
lower GIP levels at night, and thus perhaps delayed gastric emptying at this time, as 
was found when the subjects had consumed the low fat pre-meal. 
4.4.4. Effect of type of shift and pre-meal on lipid metabolism 
As in the simulated phase shift study, considerable time-dependent differences in the 
postprandial TAG and NEF A responses to a standard meal were observed, following 
consumption of the low fat pre-meal. 
When day and night shift responses were compared , no differences in basal TAG 
levels were observed. However, significantly higher postprandial TAG levels were 
observed on the night shift, compared with during the day. As insulin activates 
lipoprotein lipase, a key regulatory enzyme in circulating TAG clearance, this could 
be an indication of increased night-time insulin resistance. Alternatively, or ｰ･ｲｨ｡ｰｾ＠
in addition to this factor, is the possibility that slower night-time gastric emptying, as 
indicated by the lower night-time GIP levels, may also contribute to the elevated 
night-time TAG levels. Despite the fact that all the subjects were young, non-obese 
and normolipidaemic, the mean peak TAG level, which occurred at 300 minutes after 
the test meal, was still above 1.5mmol/l, the level above which people are thought to 
be at increased risk of CHD (Griffm, 1998), due to alterations in the sub-classes of 
LDL present in the circulation at this concentration. Following consumption of the 
high fat pre-meal, the mean TAG levels were above 1.5mmolll for more than five 
hours at night. 
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As with the low fat pre-meal, elevated TAG levels were found on the simulated night 
shift, compared with on the day shift, following consumption of the high fat pre-meal. 
However, the two night-time TAG profiles were entirely different. When the subjects 
had consumed the low fat pre-meal, the TAG levels rose gradually through the night, 
reaching a peak approximately five hours after the test meal. When the subjects had 
consumed the high fat pre-meal, The TAG levels rose rapidly, peaking within 90 
minutes and remaining at this level for approximately four hours, before falling again. 
This correlates with other work (Fielding et al, 1996) which has suggested that when 
a test meal is consumed following a high fat pre-meal, the fat from the pre-meal is 
stored in the gut and is only released when the test meal is consumed. 
In contrast to the results of the simulated phase shift study (chapter 3), lower basal 
NEF A levels were not found on the simulated night shift, compared with the day shift. 
This does not necessarily oppose the theory of the existence of a diurnal rhythm of 
NEFA discussed in chapter 3. Reaven and colleagues (1988) have suggested that 
NEF A levels are highest in the morning and decrease gradually during the day, before 
there is a gradual increase overnight. So, it is feasible that at the clock times when the 
test meal was consumed (1330h on the day shift, and 0130h on the night shift), the 
basal NEF A levels could be the same, although on the way down on the day shift, and 
on the way up on the night shift. When considering the simulated phase shift study, 
the test meal immediately post-phase shift was consumed at a body clock time of 
approximately 2130h, which could fit in with this theory. 
Foil owing consumption of the test meal, there was the expected suppression of NEF A 
levels on both the day and night shift, because of the suppressive action of insulin on 
hormone-sensitive lipase. However, a clear difference between the day and night shift 
responses was apparent in the latter stages of the postprandial period. On the night 
shift, the NEF A levels were significantly slower to return towards basal levels, which 
was perhaps a reflection of decreased LPL activity or delayed gastric emptying at this 
time. 
Altering the content of the pre-meal had little or no effect on the NEF A responses 
following consumption of the test meal. When either pre-meal had been consumed 
previously, the night-time postprandial NEF A responses were slower to return to their 
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basal levels than during the day, perhaps consistent with increased insulin resistance 
at night. 
4.4.5. Summary 
Twenty-two healthy volunteers consumed a test meal during the day, and on a 
simulated night shift. Twelve of the volunteers had consumed a low fat pre-meal 
previously, whilst the other ten had consumed a high fat pre-meal. For those who 
consumed the low fat pre-meal, postprandial plasma TAG levels were significantly 
higher on the simulated night shift, compared with during the day, whilst NEFA 
levels were lower. Those volunteers who consumed the high fat pre-meal also had 
elevated night-time TAG and lower NEF A levels. In addition, these volunteers had 
raised postprandial glucose and insulin on the simulated night shift, compared with 
during the day. 
4-36 
CHAPTERS 
THE EFFECT OF BRIGHT LIGHT EXPOSURE 
AND A PRE-SIDFT REST PERIOD ON 
POSTPRANDIAL RESPONSES TO A TEST MEAL 
ON A SIMULATED NIGHT SIDFT · 
5.1. INTRODUCTION 
The results presented in chapter 4 indicated that the postprandial responses following 
a night-time test meal differ from those following the same meal, consumed during the 
day, when a variety of blood variables are considered. In addition, the nutritional 
content of the meal consumed prior to the test meal had a marked effect on the 
postprandial responses to the test meal. Elevated concentrations of some of these 
variables are reported to be risk factors for CHD, including insulin (Fontbonne et al, 
1988), proinsulin (Lindahl, 1998), TAG (Griffin, 1998), and NEFA (Frayn et al, 
1996). As a potential mechanism for the increased risk of CHD amongst shift workers 
reported elsewhere (Kawachi et al, 1995; Tenkanen et al, 1997; Knutsson et al, 1997) 
had now been established, ways of counteracting the altered night-time responses 
were investigated. 
Before the studies in chapter 4 began, a number of "real-life" shift workers were 
consulted (n=15}, and it was found that many of them were in the habit of having a 
pre-shift rest period prior to beginning the night shift. However, the subject group in 
chapter 4 reported a very wide range of sleep quantity and quality during the pre-shift 
rest period. Thus, these subjects were asked to participate in two further legs, which 
are considered in this chapter. As it would have been logistically more difficult to get 
all the subjects to sleep well during the pre-shift rest period, the obvious alternative 
was to keep them all awake. In this way, the overall effect of the pre-shift rest period 
could be ascertained. 
Bright light exposure has been shown previously to have acute beneficial effects on 
night-time mood, alertness and performance, both in a simulated shift work 
environment (Czeisler et al, 1990; Campbell and Dawson, 1990; Dawson and 
Campbell, 1991; Daurat et al, 1993; Dawson et al, 1995; Deacon and Arendt, 1996}, 
and in field studies (Stewart et al, 1995). Therefore, it was postulated that bright light 
exposure might have an acute effect on night-time postprandial responses. 
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Thus, the primary aims and objectives of this study were: 
(1) To investigate the potentially beneficial effects of bright light exposure on 
night-time postprandial hormone and metabolic responses. 
(2) To investigate the potentially beneficial effects of a pre-shift rest period, prior 
to commencement of the night shift, on night-time postprandial hormone and 
metabolic responses. 
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5.2. STUDY DESIGN 
5.2.1. Subjects 
All 22 of the volunteers who participated in the studies outlined in chapter 4 were 
asked to take part in two further studies. Of these, 9 from the low fat pre-meal group 
(3 males and 6 females) and 5 from the high fat pre-meal group (2 males and 3 
females) agreed to do so. Details of the participation of subjects are outlined in table 
5.1. The selection of these subjects out of the original group was not based on any 
reason other than the fact that they were available and willing to take part. Once 
more, subjects avoided strenuous exercise and exposure to bright natural light during 
the study, and during the periods of imposed darkness, all windows were blacked out. 
Subjects were again instructed to consume no more than two units of alcohol per day, 
and no alcohol or caffeine were permitted during the 12 hours before each test meal. 
TABLE 5.1: Subject details 
Low fat pre-meal High fat pre-meal 
Male Female Male Female 
Day shift (Chapter 4) 6 6 6 4 
Night shift with rest period 6 6 6 4 
(Chapter4) 
Night shift without rest period 3 6 2 3 
Night shift with bright light 3 6 2 3 
Table 5.1 illustrates the number of subjects who took part in each leg of the studies 
outlined in chapter 4 and chapter 5. 
5.2.2. Protocol 
The protocol is outlined in figure 5.1. Each subject was studied on two further 
occasions. On each occasion, they were given a set pre-meal at 2000h, identical to the 
one consumed in chapter 1· The low fat pre-meal comprised 2008kJ, 3% fat, 92% 
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carbohydrate and 7% protein, whilst the high fat pre-meal comprised 1243kJ, 49% fat, 
24% carbohydrate and 27% protein. Subjects then refrained from eating or drinking 
until the test meal, although water was freely available throughout the day. At 0 130h, 
subjects were given a test meal comprising 3330kJ, 37% fat, 52% carbohydrate and 
11% protein. The meal was consumed within a 15-minute period. Prior to the test 
meal, subjects were cannulated into an antecubital vein, and two baseline samples of 
18ml were taken (-10 and Omin). Blood samples of 13ml were then taken at frequent 
intervals for 9 hours following the test meal (20, 40, 60, 90, 120, 180, 240, 300, 360, 
420, 480, 540min). The pre-shift rest period utilised in chapter 4 was not permitted, 
and the only difference between the two studies was that on the second occasion, the 
subjects were exposed to bright, broad-spectrum light (1200lux) from 2130h until 
0530h. The subjects collected 3-4 hourly urine samples (8 hourly when asleep) for two 
days prior to, and throughout, the shift being investigated, to allow assessment of body 
clock status by measurement of urinary aMT6s. In addition, the subjects filled in 
hourly subjective mood assessment charts during each shift. The mood parameters 
studied included alertness, energy levels, happiness and calmness. For each 
parameter, there was a 1 Ocm scale with the two extremes of mood at either end. There 
was always a two-week gap for each individual subject between the two studies. 
Ethical approval for the study was obtained from the Advisory Committee on Ethics 
both at the University of Surrey and at the Royal Surrey County Hospital. 
5.2.3. Analyses 
Plasma glucose, TAG and NEF A were measured by standard automated enzymatic 
spectrophotometric methods. Plasma immunoreactive insulin, C-peptide, proinsulin, 
GIP and urinary aMT6s were all measured using in-house radioimmunoassays. 
Further details of these procedures have already been discussed in chapter 2. 
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5.2.4. Statistical analysis 
Urine aMT6s data underwent a computerised cosinor analysis, using a program 
developed by Dr. D. S. Minors at the University of Manchester, which allowed 
acrophase times to be obtained. These were then statistically assessed using a paired 
t-test (Excel, Microsoft Corporation). All the plasma data obtained were subjected to 
Repeated Measures Analysis of Variance using the Statistica package (StatSoft, Tulsa, 
USA). Where appropriate, the exact source of the statistical differences was 
identified, using the Duncan's New Multiple Range post hoc test. In addition, basal 
values were subjected to a One-way Analysis of Variance using the Statistica package 
(StatSoft, Tulsa, USA). 
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FIGURE 5.1: Outline of the study protocol 
Bright light 
2130h-0530h 
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Figure 5.1 outlines the study protocol. The results of legs 1 and 2 have been 
discussed in chapter 4. PM = Pre-meal, TM = Test meal. 
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5.3. RESULTS 
Initially, the aMT6s results are presented for all four study legs, as an indication of 
body clock status. The remaining results obtained have been divided into 2 sections. 
These are: 
)> Effect of exposure to bright light on simulated night shift responses. 
)> Effect of a pre-shift rest period on simulated night shift responses. 
When results from chapter 4 were incorporated, only data from those subjects who 
participated in all of the relevant legs of the study were included 
5.3.1. Assessment of body clock status, following consumption of both the low and 
high fat pre-meals, for all four study legs 
The urinary aMT6s acrophase times were calculated using a cosinor curve fitting 
package. Seven acrophase times were obtained: 
( 1) The simulated day shift (D) 
(2) The simulated night shift itself following a pre-shift rest period (NR) 
(3) The day after the simulated night shift following a pre-shift rest period (NR+ 1) 
( 4) The night shift itself when the pre-shift rest period was absent (N) 
( 5) The day after the night shift when the pre-shift rest period was absent (N+ 1) 
( 6) The night shift itself when the subjects were exposed to bright light (NL) 
(7) The day after the night shift when the subjects were exposed to bright light 
(NL+l). 
The data were divided so that the effect of the content of the pre-meal could be 
ascertained. The seven mean acrophase times are plotted, following consumption of 
the low fat and the high fat pre-meal, injigures 5.2 and 5.3 respectively. The data 
were statistically assessed using a One-Way ANOV A. Following consumption of the 
low fat pre-meal, no statistically significant differences were found when the aMT6s 
acrophases on the day shift and the simulated night shifts were compared. F ollowi:r:tg 
consumption of the high fat pre-meal, four statistically significant differences were 
observed. Earlier mean acrophase times were observed on D vs NL (p<0.05), D vs 
NL+ 1 (p<0.05), NR vs NL (p<0.05) and NR vs NL+ 1 (p<0.05). 
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The peak amplitude levels were obtained in a similar fashion, and are illustrated in 
figures 5.4 and 5.5. When considering the aMT6s data, only one statistically 
significant difference, D versus NL (p<0.05), was found following consumption of the 
low fat pre-meal. No statistically significant differences were found following 
consumption of the high fat pre-meal. 
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FIGURE 5.2: Mean aMT6s acrophase times on the day shift and the three 
simulated night shifts, following consumption of the low fat pre-meal 
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Figure 5.2 illustrates the mean aMT6s acrophase times of the 9 subjects (+/- SEM) on 
the day shift and the three simulated night shifts, following consumption of the low fat 
pre-meal. No statistically significant differences were found. 
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FIGURE 5.3: Mean aMT6s acrophase times on the day shift and the three 
simulated night shifts, foUowing consumption of the high fat pre-meal 
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Figure 5.3 illustrates the mean aMT6s acrophase times of the 5 subjects(+/- SEM) on 
the day shift and the three simulated night shifts, following consumption of the high fat 
pre-meal. Significantly earlier mean acrophase times were observed on D vs NL 
(p<0.05), D vs NL+ 1 (p<0.05), NR vs NL (p<0.05) and NR vs NL+ 1 (p<0.05). 
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FIGURE 5.4: Mean aMT6s amplitude values on the day shift and the three 
simulated night shifts, foUowing consumption of the low fat pre-meal 
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Figure 5.4 illustrates the mean aMT6s amplitude values of the 9 subjects (+/- SEM) 
on the day shift and the three simulated night shifts. The amplitude was significantly 
elevated on D vs NL (p<0.05). 
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FIGURE 5.5: Mean aMT6s amplitude values on the day shift and the three 
simulated night shifts, following consumption of the high fat pre-meal 
1800 
1600 
1400 
1200 
'i:' 
..= 
ｾ＠
= 1000 ...._, 
ｾ＠§ 
t: 800 ｾ＠
ｾ＠
600 
400 
200 
D NR NR+1 N N+1 NL NL+1 
TYPE OF SHIFT 
Figure 5.5 illustrates the mean aMT6s amplitude values of the 5 subjects (+/- SEM) 
on the day shift and the three simulated night shifts. No statistically significant 
differences were found 
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5.3.2. Effect of exposure to bright light on simulated night shift responses 
5.3.2.1. Effect of exposure to bright light on subjective mood ratings during day and 
night shifts 
The subjective assessment of night-time alertness, energy, happiness and calmness, 
following consumption of the low fat pre-meal, when the subjects were, and were not, 
exposed to bright light on the night shift, are illustrated in figures 5. 6 and 5. 7. All the 
data were subjected to a repeated measures ANOV A. No significant differences were 
found for any of the data considered. 
The subjective assessment of night-time alertness, energy, happiness and calmness, 
following consumption of the high fat pre-meal, when the subjects were, and were not, 
exposed to bright light on the night shift, are illustrated infigures 5.8 and 5.9. All the 
data were subjected to a repeated measures ANOV A. No significant differences were 
found when the data for energy levels, happiness and calmness were considered. 
However, subjective alertness was significantly elevated (p<0.05) when the subjects 
were exposed to bright light during the night shift. 
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FIGURE 5.6: Effect of bright light exposure on the subjective assessment of 
night-time alertness and energy levels, following consumption of the low fat pre-
meal 
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Figure 5. 6 illustrates the effect of bright light exposure on the subjective assessment of 
night-time alertness and energy levels reported by the 9 subjects (mean +/- SEM), 
following consumption of the low fat pre-meal (pre-meal consumed at 2000h). No 
significant differences were found. 
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FIGURE S. 7: Effect of bright light exposure on the subjective assessment of 
night-time happiness and calmness, foUowing consumption of the low fat pre-
meal 
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Figure 5. 7 illustrates the effect of bright light exposure on the subjective assessment of 
night-time happiness and calmness reported by the 9 subjects (mean +/- SEM), 
following consumption of the low fat pre-meal (pre-meal consumed at 2000h). No 
significant differences were found. 
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FIGURE 5.8: Effect of bright light exposure on the subjective assessment of 
night-time alertness and energy levels, following consumption of the high fat pre-
meal 
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Figure 5. 8 illustrates the effect of bright light exposure on the subjective assessment of 
night-time alertness and energy levels reported by the 5 subjects (mean +/- SEM). 
Significantly elevated alertness was indicated when the subjects were exposed to 
bright light on the night shift by repeated measures ANOVA (single factor: type of 
shift, p<0.05). No statistically significant differences were found when the energy 
data were considered 
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FIGURE 5.9: Effect of bright light exposure on the subjective assessment of 
night-time happiness and calmness, foUowing consumption of the high fat pre-
meal 
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Figure 5. 9 illustrates the effect of bright light exposure on the subjective assessment of 
night-time happiness and calmness reported by the 5 subjects (mean +1-SEM). No 
statistically significant differences were found. 
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5.3.2.2. Effect of exposure to bright light on night-time carbohydrate responses. 
The night-time basal and postprandial responses to the test meal, following 
consumption of the low fat pre-meal, for glucose, insulin, C-peptide, proinsulin and 
GIP, when the subjects were, and were not, exposed to bright light on the night shift, 
are illustrated in .figures 5.1 0, 5.11, 5.12, 5.13 and 5.14 respectively. All the data were 
subjected to a repeated measures ANOV A. No statistically significant differences 
were found when the data for glucose, insulin, C-peptide and proinsulin were 
considered, although there was a trend towards lower night-time postprandial insulin 
levels (p<O.l) when the subjects had been exposed to bright light. When the GIP data 
were considered, significantly lower night-time postprandial levels were found when 
the subjects were exposed to bright light (single-factor: type of shift, p<O.Ol). 
The night-time basal and postprandial responses to the test meal, following 
consumption of the high fat pre-meal, for glucose, insulin, C-peptide, proinsulin and 
GIP, when the subjects were, and were not, exposed to bright light on the night shift, 
are illustrated in figures 5.15, 5.16, 5.17, 5.18 and 5.19respectively. All the data were 
subjected to a repeated measures ANOV A. No statistically significant differences 
were found when the data for glucose, insulin, C-peptide and proinsulin were 
considered. When the GIP data were considered, significantly lower night-time 
postprandial levels were found when the subjects were exposed to bright light (single-
factor: type of shift, p<0.005). 
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FIGURE 5.10: Effect of bright light exposure on night-time basal and 
postprandial glucose responses to the test meal, foUowing consumption of the low 
fat pre-meal 
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Figure 5.10 illustrates the effect of bright light exposure on night-time basal and 
postprandial glucose responses to the test meal (mean +/- SEM), following 
consumption of the low fat pre-meal. No statistically significant differences were 
found. 
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-FIGURE 5.11: Effect of bright light exposure on night-time basal and 
postprandial insulin responses to the test meal, following consumption of the low 
fat pre-meal 
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Figure 5.11 illustrates the effect of bright light exposure on night-time basal and 
postprandial insulin responses to the test meal (mean +/- SEM), following 
consumption of the low fat pre-meal. No statistically significant differences were 
found, although there was a trend towards lower insulin levels when the subjects had 
been exposed to bright light (repeated measures ANO VA, single-factor: type of shift, 
p<0.1). 
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FIGURE 5.12: Effect of bright light exposure on night-time basal and 
postprandial C-peptide responses to the test meal, foUowing consumption of the 
low fat pre-meal 
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Figure 5.12 illustrates the effect of bright light exposure on night-time basal and 
postprandial C-peptide responses to the test meal (mean +/- SEM), following 
consumption of the low fat pre-meal. No statistically significant differences were 
found. 
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FIGURE 5.13: Effect of bright light exposure on night-time basal and 
postprandial proinsulin responses to the test meal, following consumption of the 
low fat pre-meal 
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Figure 5.13 illustrates the effect of bright light exposure on night-time basal and 
postprandial proinsulin responses to the test meal (mean +/- SEM), following 
consumption of the low fat pre-meal. No statistically significant differences were 
found 
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FIGURE 5.14: Effect of bright light exposure on night-time basal and 
postprandial GIP responses to the test meal, foUowing consumption of the low fat 
pre-meal 
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Figure 5.14 illustrates the effect of bright light exposure on night-time basal and 
postprandial G/P responses to the test meal (mean +I- SEM), following consumption 
of the low fat pre-meal. Significantly lower GIP levels were indicated when the 
subjects had been exposed to bright light by repeated measures ANOVA (single-
factor: type of shift, p<O.OJ). 
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FIGURE 5.15: Effect of bright light exposure on night-time basal and 
postprandial glucose responses to the test meal, following consumption of the 
high fat pre-meal 
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Figure 5.15 illustrates the effect of bright light exposure on night-time basal and 
postprandial glucose responses to the test meal (mean +/- SEM), following 
consumption of the high fat pre-meal. No statistically significant differences were 
found 
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FIGURE 5.16: Effect of bright light exposure on night-time basal and 
postprandial insulin responses to the test meal, foUowing consumption of the high 
fat pre-meal 
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Figure 5.16 illustrates the effect of bright light exposure on night-time basal and 
postprandial insulin responses to the test meal (mean +/- SEM), following 
consumption of the high fat pre-meal. No statistically significant differences were 
found. 
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FIGURE 5.17: Effect of bright light exposure on night-time basal and 
postprandial C-peptide responses to the test meal, foUowing consumption of the 
high fat pre-meal 
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Figure 5.17 illustrates the effect of bright light exposure on night-time basal and 
postprandial C-peptide responses to the test meal (mean +/- SEM), following 
consumption of the high fat pre-meal. No statistically significant differences were 
found. 
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FIGURE 5.18: Effect of bright light exposure on night-time basal and 
postprandial proinsulin responses to the test meal, foUowing consumption of the 
high fat pre-meal 
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Figure 5.18 illustrates the effect of bright light on night-time basal and postprandial 
proinsulin responses to the test meal (mean +I- SEM), following consumption of the 
high fat pre-meal. No statistically significant differences were found. 
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FIGURE 5.19: Effect of bright light exposure on night-time basal and 
postprandial GIP responses to the test meal, following consumption of the high 
fat pre-meal 
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Figure 5.19 illustrates the effect of bright light exposure on night-time basal and 
postprandial GIP responses to the test meal (mean+/- SEM), following consumption 
of the high fat pre-meal. Significantly lower GIP levels were indicated when the 
subjects were exposed to bright light on the night shift by repeated measures ANOVA 
(single-factor: type of shift, p<0.005). 
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5.3.2.3. Effect of exposure to bright light on night-time lipid responses 
The night-time basal and postprandial responses to the test meal, following 
consumption of the low fat pre-meal, for TAG and NEF A, when the subjects were, 
and were not, exposed to bright light on the night shift, are illustrated injigures 5.20 
and 5.21 respectively. All the data were subjected to a repeated measures ANOVA. 
No statistically significant differences were found when the data for NEF A were 
considered. When the TAG data were considered, significantly lower night-time 
postprandial levels were found when the subjects were exposed to bright light (single-
factor: type of shift, p<0.05). 
The night-time basal and postprandial responses to the test meal, following 
consumption of the high fat pre-meal, for TAG and NEFA, when the subjects were, 
and were not, exposed to bright light on the night shift, are illustrated infigures 5.22 
and 5.23 respectively. All the data were subjected to a repeated measures ANOV A. 
No statistically significant differences were found when the data for TAG and NEFA 
were considered. 
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FIGURE 5.20: Effect of bright light exposure on night-time basal and 
postprandial TAG responses to the test meal, foUowing consumption of the low 
fat pre-meal 
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Figure 5.20 illustrates the effect of bright light exposure on night-time basal and 
postprandial TAG responses to the test meal (mean +I- SEM), following consumption 
of the low fat pre-meal. Significantly lower TAG levels were indicated when the 
subjects had been exposed to bright light on the night shift by repeated measures 
ANOVA (single-factor: type of shift, p<0.05). 
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FIGURE 5.21: Effect of bright light exposure on night-time basal and 
postprandial NEF A responses to the test meal, following consumption of the low 
fat pre-meal 
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Figure 5. 21 illustrates the effect of bright light exposure on night-time basal and 
postprandial NEFA responses to the test meal (mean +/- SEM), following 
consumption of the low fat pre-meal. No statistically significant differences were 
found. 
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FIGURE 5.22: Effect of bright light exposure on night-time basal and 
postprandial TAG responses to the test meal, following consumption of the high 
fat pre-meal 
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Figure 5.22 illustrates the effect of bright light exposure on night-time basal and 
postprandial TAG responses to the test meal (mean+/- SEM), following consumption 
of the high fat pre-meal. No statistically significant differences were found. 
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FIGURE 5.23: Effect of bright light exposure on night-time basal and 
postprandial NEF A responses to the test meal, following consumption of the high 
fat pre-meal 
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Figure 5.23 illustrates the effect of bright light exposure on night-time basal and 
postprandial NEF A responses to the test meal (mean +I- SEM), following 
consumption of the high fat pre-meal. No statistically significant differences were 
found. 
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5.3.3. Effect of a pre-shift rest period on simulated night shift responses 
5.3.3.1. Effect of a pre-shift rest period on subjective assessment of mood during day 
and night shifts 
The subjective assessment of night-time alertness, energy, happiness and calmness, 
following consumption of the low fat pre-meal, when the subjects were, and were not, 
permitted to have a pre-shift rest period prior to the night shift, are illustrated in 
figures 5.24 and 5.25. All the data were subjected to a repeated measures ANOVA. 
No significant differences were found for any of the data considered. However, the 
presence of a pre-shift rest period prior to the night shift was associated with a trend 
towards elevated alertness (p<O.l) and energy levels (p<O.l ). 
The subjective assessment of night-time alertness, energy, happiness and calmness, 
following consumption of the high fat pre-meal, when the subjects were, and were not, 
permitted to have a pre-shift rest period prior to the night shift, are illustrated in 
figures 5.26 and 5.27. All the data were subjected to a repeated measures ANOV A. 
No significant differences were found for any of the data considered. 
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FIGURE 5.24: Effect of a pre-shift rest period on the subjective assessment of 
night-time alertness and energy levels, following consumption of the low fat pre-
meal 
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Figure 5.24 illustrates the effect of a pre-shift rest period on the subjective assessment 
of night-time alertness and energy levels reported by the 9 subjects (mean +I- SEM). 
No statistically significant differences were found, although there was a trend towards 
elevated alertness (p<O.l) and energy levels (p<O.l) when the subjects were permitted 
a pre-shift rest period (repeated measures ANOVA, single factor: type of shift). 
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FIGURE 5.25: Effect of a pre-shift rest period on the subjective assessment of 
night-time happiness and calmness, following consumption of the low fat pre-
meal 
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Figure 5.25 illustrates the effect of a pre-shift rest period on the subjective assessment 
of night-time happiness and calmness reported by the 9 subjects (mean +/- SEM). No 
statistically significant differences were found. 
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-FIGURE 5.26: Effect of a pre-shift rest period on the subjective assessment of 
night-time alertness and energy levels, following consumption of the high fat pre-
meal 
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Figure 5.26 illustrates the effect of a pre-shift rest period on the subjective assessment 
of night-time alertness and energy levels reported by the 5 subjects (mean +I- SEM). 
No statistically significant differences were found. 
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FIGURE 5.27: Effect of a pre-shift rest period on the subjective assessment of 
night-time happiness and calmness, following consumption of the high fat pre-
meal 
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Figure 5.27 illustrates the effect of a pre-shift rest period on the subjective assessment 
of night-time happiness and calmness reported by the 5 subjects (mean+/- SEM). No 
statistically significant differences were found 
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5.3.3.2. Effect of a pre-shift rest period on night-time carbohydrate responses 
The night-time basal and postprandial responses to the test meal, following 
consumption of the low fat pre-meal, for glucose, insulin, C-peptide, proinsulin and 
GIP, when the subjects were, and were not, permitted to have a pre-shift rest period 
prior to the night shift, are illustrated in figures 5.28, 5.29, 5.30, 5.31 and 5.32 
respectively. All the data were subjected to a repeated measures ANOV A. No 
statistically significant differences were found when the data for glucose, insulin C-
peptide and proinsulin were considered. When the GIP data were considered, 
significantly lower night-time postprandial levels were found when the subjects had 
been permitted a pre-shift rest period (single-factor: type of shift, p<0.05). 
The night-time basal and postprandial responses to the test meal, following 
consumption of the high fat pre-meal, for glucose, insulin, C-peptide, proinsulin and 
GIP, when the subjects were, and were not, permitted to have a pre-shift rest period 
prior to the night shift, are illustrated in figures 5.33, 5.34, 5.35, 5.36 and 5.37 
respectively. All the data were subjected to a repeated measures ANOV A. No 
statistically significant differences were found when the data for glucose, insulin, 
proinsulin and GIP were considered. When the C-peptide data were considered, 
significantly lower night-time postprandial levels were found when the subjects had 
been permitted a pre-shift rest period (single-factor: type of shift, p<0.005). 
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FIGURE 5.28: Effect of a pre-shift rest period on night-time basal and 
postprandial glucose responses to the test meal, foUowing consumption of the low 
fat pre-meal 
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Figure 5.28 illustrates the effect of a pre-shift rest period on night-time basal and 
postprandial glucose responses to the test meal (mean +/- SEM), following 
consumption of the low fat pre-meal. No statistically significant differences were 
found. 
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FIGURE 5.29: Effect of a pre-shift rest period on night-time basal and 
postprandial insulin responses to the test meal, foUowing consumption of the low 
fat pre-meal 
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Figure 5.29 illustrates the ejfect of a pre-shift rest period on night-time basal and 
postprandial insulin re[}ponses to the test meal (mean +/- SEM), following 
consumption of the low fat pre-meal. No statistically significant diferences were 
found 
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FIGURE 5.30: Effect of a pre-shift rest period on night-time basal and 
postprandial C-peptide responses to the test meal, foUowing consumption of the 
low fat pre-meal 
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Figure 5.30 illustrates the effect of a pre-shift rest period on night-time basal and 
postprandial C-peptide responses to the test meal (mean +/- SEM), following 
consumption of the low fat pre-meal. A statistically significant two-factor (time by 
type of shift) effect (p<0.05) was indicated by repeated measures ANOVA. 
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FIGURE 5.31: Effect of a pre-shift rest period on night-time basal and 
postprandial proinsulin responses to the test meal, following consumption of the 
low fat pre-meal 
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Figure 5.31 illustrates the effect of a pre-shift rest period on night-time basal and 
postprandial proinsulin responses to the test meal (mean +/- SEM), following 
consumption of the low fat pre-meal. No statistically significant differences were 
found. 
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FIGURE 5.32: Effect of a pre-shift rest period on night-time basal and 
postprandial GIP responses to the test meal, foUowing consumption of the low fat 
pre-meal 
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Figure 5.32 illustrates the effect of a pre-shift rest period on night-time basal and 
postprandial GIP responses to the test meal (mean+/- SEM), following consumption 
of the low fat pre-meal. Significantly lower GIP levels were indicated when the 
subjects had been permitted a pre-shift rest period prior to the night shift by repeated 
measures ANOVA (single-factor: type of shift, p<0.05). 
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FIGURE 5.33: Effect of a pre-shift rest period on night-time basal and 
postprandial glucose responses to the test meal, foUowing consumption of the 
high fat pre-meal 
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Figure 5. 33 illustrates the effect of a pre-shift rest period on night-time basal and 
postprandial glucose responses to the test meal (mean +/- SEM), following 
consumption of the high fat pre-meal. No statistically significant differences were 
found. 
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FIGURE 5.34: Effect of a pre-shift rest period on night-time basal and 
postprandial insulin responses to the test meal, following consumption of the high 
fat pre-meal 
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Figure 5. 34 illustrates the effect of a pre-shift rest period on night-time basal and 
postprandial insulin responses to the test meal (mean +/- SEM), following 
consumption of the high fat pre-meal. No statistically significant differences were 
found. 
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FIGURE 5.35: Effect of a pre-shift rest period on night-time basal and 
postprandial C-peptide responses to the test meal, foUowing consumption of the 
high fat pre-meal 
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Figure 5.35 illustrates the effect of a pre-shift rest period on night-time basal and 
postprandial C-peptide responses to the test meal (mean +/- SEM), following 
consumption of the high fat pre-meal. Significantly lower C-peptide levels were 
indicated when the subjects were permitted a pre-shift rest period prior to the night 
shift by repeated measures ANOVA (single-factor: type of shift, p<0.005). 
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FIGURE 5.36: Effect of a pre-shift rest period on night-time basal and 
postprandial proinsulin responses to the test meal, following consumption of the 
high fat pre-meal 
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Figure 5. 3 6 illustrates the effect of a pre-shift rest period on night-time basal ｡ｮｾ＠
postprandial proinsu/in responses to the test meal (mean +/- SEM), following 
consumption of the high fat pre-meal. No statistically significant differences were 
found 
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FIGURE 5.37: Effect of a pre-shift rest period on night-time basal and 
postprandial GIP responses to the test meal, following consumption of the high 
fat pre-meal 
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Figure 5. 3 7 illustrates the effect of a pre-shift rest period on night-time basal and 
postprandial GIP responses to the test meal (mean+/- SEM), following consumption 
of the high fat pre-meal. No statistically significant differences were found. 
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5.3.3.3. Effect of a pre-shift rest period on night-time lipid responses 
The night-time basal and postprandial responses to the test meal, following 
consumption of the low fat pre-meal, for TAG and NEF A, when the subjects were, 
and were not, permitted to have a pre-shift rest period prior to the night shift, are 
illustrated in figures 5.38 and 5.39 respectively. All the data were subjected to a 
repeated measures ANOVA. No statistically significant differences were found when 
the data for TAG and NEFA were considered, although there was a trend towards 
lower postprandial TAG levels when the subjects were permitted a pre-shift rest 
period (p<O.l). 
The night-time basal and postprandial responses to the test meal, following 
consumption of the high fat pre-meal, for TAG and NEF A, when the subjects were, 
and were not, permitted to have a pre-shift rest period prior to the night shift, are 
illustrated in figures 5. 40 and 5. 41 respectively. All the data were subjected to a 
repeated measures ANOV A. No statistically significant differences were found when 
the data for TAG and NEF A were considered. 
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FIGURE 5.38: Effect of a pre-shift rest period on night-time basal and 
postprandial TAG responses to the test meal, following consumption of the low 
fat pre-meal 
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Figure 5. 38 illustrates the effect of a pre-shift rest period on night-time basal and 
postprandial TAG responses to the test meal (mean+/- SEM), following consumption 
of the low fat pre-meal. No statistically significant differences were found, although 
there was a trend towards lower TAG levels when the subjects were permitted a pre-
shift rest period (repeated measures ANOVA, single-factor: type of shift, p<O.l). 
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FIGURE 5.39: Effect of a pre-shift rest period on night-time basal and 
postprandial NEFA responses to the test meal, following consumption of the low 
fat pre-meal 
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Figure 5.39 illustrates the effect of a pre-shift rest period on night-time basal and 
postprandial NEFA responses to the test meal (mean +/- SEM), following 
consumption of the low fat pre-meal. No statistically significant differences were 
found. 
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FIGURE 5.40: Effect of a pre-shift rest period on night-time basal and 
postprandial TAG responses to the test meal, following consumption of the high 
fat pre-meal 
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Figure 5. 40 illustrates the effect of a pre-shift rest period on night-time basal and 
postprandial TAG responses to the test meal (mean+/- SEM), following consumption 
of the high fat pre-meal. No statistically significant differences were found 
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FIGURE 5.41: Effect of a pre-shift rest period on night-time basal and 
postprandial NEFA responses to the test meal, following consumption of the high 
fat pre-meal 
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Figure 5. 41 illustrates the effect of a pre-shift rest period on night-time basal and 
postprandial NEFA responses to the test meal (mean +/- SEM), following 
consumption of the high fat pre-meal. No statistically significant differences were 
found. 
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5.4. DISCUSSION 
5.4.1. Assessment of body clock status 
A number of differences were found when the acrophase data were considered, 
following consumption of the high fat pre-meal, although this may have been due to 
the low subject number. 
Overall, there was a distinct decrease in aMT6s amplitude on the night shift when the 
subjects were exposed to bright light. Statistically significant differences or very clear 
trends were observed when these data were compared with all the other amplitude 
values, with the sole exception of the night shift response when the subjects had a pre-
shift rest period. 
The majority of the light-dependent differences observed following consumption of 
the low fat pre-meal were not present after the high fat pre-meal was consumed, 
suggesting that the nutritional content of the pre-meal may be an influencing factor on 
the susceptibility of the system to the effects of light. 
5.4.2. Effect of type of shift and pre-meal on mood ratings 
Following consumption of the low fat pre-meal, the night-time alertness ratings when 
the pre-shift rest period was absent, were significantly lower than the daytime ratings. 
This was primarily due to differences in the latter half of the shift. Neither the night-
time response when the subjects had a pre-shift rest period, nor the night-time 
response when the subjects were exposed to bright light, were significantly different 
from the daytime response, suggesting that the pre-shift rest period and the bright light 
exposure had "alerting" effects on the subjects. A similar trend was apparent when 
the energy ratings were observed. 
Following consumption of the high fat pre-meal, the night-time alertness ratings with 
and without a pre-shift rest period were lower throughout the shift, when compared to 
the day ratings. However, the bright light exposure maintained the night-time 
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alertness ratings at levels similar to those found on the day shift, until approximately 
0200h. 
5.4.3. Effect of type of shift and pre-meal on carbohydrate metabolism 
Following consumption of the low fat pre-meal, no significant differences were found 
between the four study shifts, when the responses of glucose, insulin, C-peptide and 
proinsulin were considered. This was unsurprising as no difference had been found 
between day and night shift responses, for any of these parameters in the initial study 
(see chapter 4). The night-time postprandial GIP responses were significantly lower 
than those found on the day shift. These night-time responses were not significantly 
modified by exposure to bright light, but they were significantly higher, so as to be no 
longer significantly different from the daytime responses, when the pre-shift rest 
period was removed. This seems to suggest a connection between sleep, or time since 
sleep, and the delayed gastric emptying/suppressed GIP secretion found at night. 
When considering the responses for both glucose and insulin , the night-time 
responses were not significantly altered when the pre-shift rest period was removed, 
or when the subjects were exposed to bright light. Postprandial C-peptide levels were 
significantly lowered when the subjects were permitted a pre-shift rest period. No 
differences were found when the proinsulin data were considered. 
As with the low fat pre-meal study, significantly lower postprandial GIP levels were 
found at night, indicative of delayed gastric emptying, compared with during the day, 
following consumption of the high fat pre-meal. In an almost identical fashion to the 
low fat pre-meal study, these night-time responses were not significantly modified by 
exposure to bright light, but they were significantly raised, so as not to be significantly 
different from the daytime responses, when the pre-shift rest period was removed. 
The reproduction of this effect seems to further support a connection between sleep, or 
time since sleep, and the delayed gastric emptying/suppressed GIP secretion found at 
night. 
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5.4.4. Effect of type of shift and pre-meal on lipid metabolism 
When the TAG data was considered, it was found that the previously significant 
difference between day and night-time responses (see chapter 4) was no longer 
present, although a fairly obvious trend towards elevated night-time TAG levels was 
apparent. The disappearance of the statistical significance was almost certainly due to 
the decreased number of subjects. The night-time responses were elevated further by 
the removal of the pre-shift rest period, suggesting an involvement of sleep with lipid 
metabolism. Of most interest was the potentially important discovery that the night-
time TAG response following no pre-shift rest period was significantly lowered by the 
8-hour exposure to bright light. One possible explanation for this effect of bright light 
is a connection between melatonin and TAG metabolism. Certainly, melatonin may 
have an effect on lipoprotein lipase, a key enzyme in the regulation ofT AG clearance 
(Chapman, 1997). This is supported by the fact that the aMT6s amplitude was 
significantly decreased by the bright light exposure. 
Despite the decreased subject number, the night-time NEFA response following a pre-
shift rest period remained significantly lower than the daytime response. The night-
time responses when the pre-shift rest period was removed, and when the subjects 
were exposed to bright light, were also both significantly lower than the daytime 
response. However, it is clear that the bright light exposure maintained the night-time 
NEF A response to levels similar to those found during the day for the first six hours of 
the postprandial period. 
In contrast to the low fat pre-meal study, the previously found significant difference 
between day and night-time TAG responses (see chapter 4) remained despite the 
reduction in subject number. The night-time TAG profile described previously 
following consumption of the high fat pre-meal, with a rapid increase within 90 
minutes to a peak, which is then sustained for a period of approximately four hours, 
was observed on the three occasions when the subjects were studied at night-time. 
The postprandial TAG response on all three of these night-time occasions was 
significantly higher than the daytime response. However, there was a suggestion, that 
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the bright light exposure did have some suppressive effect on the night-time TAG 
response, although a greater subject number would be needed to validate this. 
The night-time postprandial NEF A responses following a pre-shift rest period were 
again found to be significantly lower than the daytime response, perhaps indicating 
increased insulin resistance at this time. The night-time response when the pre-shift 
rest period was removed, and when the subjects were exposed to bright light, were 
also both significantly lower than the daytime response. 
5.4.5. Summary 
Fourteen of the volunteers who participated in the study discussed in chapter 4 
returned to enable the effects of bright light exposure and a pre-shift rest period on 
their night-time hormonal and metabolic responses to a meal. Following consumption 
of the low fat pre-meal, exposure to bright light during the simulated night shift 
lowered TAG and GIP levels, whilst after consumption of the high fat pre-meal, 
alertness levels were elevated and GIP levels lowered A pre-shift rest period lowered 
GIP levels following consumption of the low fat pre-meal, and lowered C-peptide 
levels following consumption of the high fat pre-meal. 
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CHAPTER6 
THE EFFECT OF TYPE OF SHIFT AND PRE-
MEAL CONTENT ON POSTPRANDIAL 
RESPONSES IN MIDWIVES 
6.1. INTRODUCTION 
As all the work up until this point had utilised a simulated shift work environment, it 
was important to assess the relevance of this data in a "real-life" situation. The 
medical profession is one that will always be required to provide a "round the clock" 
service, and the author was fortunate enough to be given permission to study a group 
of midwives at the Royal Surrey County Hospital. 
The fact that the vast majority of midwives are female was of further interest, since 
shift work may have more adverse effects on women's health, than on men, especially 
in relation to their periodic hormonal activity, and their reproductive function in 
general (Costa, 1996). Elevated TAG levels are thought to be a greater risk factor for 
women than for men (LaRosa, 1997). In addition, women shift workers may have 
more domestic pressures on their time, particularly if they have young children. A 
number of studies have shown that married women night workers with children have 
a shorter and more frequently interrupted sleep in the daytime (Gadbois, 1981; 
Kolmodin-Hedman, 1982; Gersten et al, 1986; Dekker and Tepas, 1990) and 
complain more of cumulative tiredness than men and women without children 
(Uehata and Sasakawa, 1982; Estryn-Behar et al, 1990). Compared to the general 
population, some groups of women performing shift work suffer significantly higher 
frequencies of perturbation of the menstrual cycle and menstrual pains (Colligan et al, 
1979; Uehata and Sasakawa, 1982), as well as of abortions, and lower rates of 
pregnancies and deliveries (Uehata and Sasakawa, 1982; Axelsson et al, 1984; 
Heidam, 1984; McDonald et al, 1988a; Nurminen, 1989). Shift work has also been 
associated with pre-term delivery and/or low birthweight infants (Mamelle et al, 
1984; McDonald et al, 1988b; Armstrong et al, 1989; Axelsson et al, 1989; 
Nurminen, 1989). 
The series of simulated shift work studies reported here used subjects under the age of 
35, so it was both interesting and important to study an older population of midwives. 
It has been suggested since the early 1980s that shift workers experience a decline in 
health once they pass the age of 40, whilst day workers experience comparable health 
problems much later in life (Koller, 1983). These health problems are most likely 
due to deterioration of a number of sleep parameters with increasing age, as reported 
by a variety of workers. Torsvall et al (1981) found that shift-working locomotive 
engineers over 50 years of age, showed more movement among the four stages of 
sleep, more awakenings and more Stage 1 sleep during daytime sleep, compared to 
those aged 25-35. 
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In a more recent study (Rosa eta!, 1996), it was found that shift-workers over 40 
slept for approximately an hour less than workers under 40, during daytime sleep. A 
study by Hanna (1994) suggested that the circadian rhythms of melatonin and body 
temperature showed greater adaptation to night work and daytime sleep in those 
under 30 years of age, compared with those over 50. 
Thus, the major aims and objectives of this study were: 
(1) To compare the hormonal and metabolic responses to a test meal in a group of 
midwives, when they were performing both day and night shifts. 
(2) To compare the responses of the midwives with those of the volunteers 
investigated in a simulated shift work environment previously. 
(3) To assess the effect of altering the content of the meal consumed by the 
midwives prior to the shift. 
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6.2. STUDY DESIGN 
6.2.1. Subjects 
Nine female midwives, aged between 21 and 55 years of age (mean+/- SEM = 36.6 
+/- 4.2years), and with BMis between 19.9 and 27.1kg/m2 (mean+/- SEM = 23.1 +/-
l.Okg/m2), were recruited from the Maternity Unit at the Royal Surrey County 
Hospital. They all reported good general health, and were non-smokers. The 
midwives in the Maternity Unit are split into four groups of eight, each group 
participating in one week of night shift work every four weeks. For the remaining 
three weeks, the midwives work a varied combination of 'earlies' (7.30am-3.30pm) 
and 'lates' (12.30pm-9.30pm), so that their sleeping patterns remain fairly constant. 
6.2.2. Protocol 
The protocol is outlined in figure 6.1. Prior to its commencement, the study was 
approved by the Royal Surrey County Hospital Advisory Committee on Ethics. Each 
midwife was studied on four occasions, twice when on the day shift, and twice when 
on the first night of a series of night shifts. On two of these occasions, one day shift 
and one night shift, they consumed a low fat pre-meal (2008kJ, 3% fat, 90% 
carbohydrate, 7% protein) five and a half hours prior to the test meal (3330kJ, 37% 
fat, 52% carbohydrate, 11% protein), whilst on the other two occasions, a high fat 
pre-meal (1243kJ, 49% fat, 24% carbohydrate, 27% protein) was consumed. On the 
day shift studies, the midwives consumed the pre-meal at 0800h, and then they fasted 
until the test meal at 1330h. A blood sample was taken ten minutes prior to the 
consumption of the test meal, and then three further samples were collected 1, 4 and 7 
hours after the test meal. Plasma was separated immediately by centrifugation, 
aliquoted and stored at -20°C. Plasma parameters measured included glucose, NEF A, 
TAG, insulin, C-peptide, proinsulin and GIP. The night shift studies were identical, 
with the exception that the pre-meal was consumed at 2000h, and the test meal at 
0130h. The midwives were requested not to sleep before beginning the night shift, or 
during the night shift itself. The midwives collected 3-4 hourly urine samples (8 
hourly when asleep) for two days prior to, and throughout, the shift being 
investigated, to allow assessment of body clock status by measurement of urinary 
aMT6s. In addition, the midwives filled in hourly subjective mood assessment charts 
during each shift. The mood parameters studied included alertness, energy levels, 
happiness and calmness. 
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For each parameter, there was a lOcm scale with the two extremes of mood at either 
end. 
FIGURE 6.1: Outline of the study protocol 
1 
2 
0700h 1500h 2300h 0700h 
TIME OF DAY 
Figure 6.1 outlines the study protocol followed. PM = Pre-meal, 1M = Test meal. 
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6.2.3. Analyses 
Plasma glucose, TAG and NEF A were measured by standard automated enzymatic 
spectrophotometric methods. Plasma immunoreactive insulin, proinsulin, C-peptide 
and GIP, and urinary aMT6s, were all measured using in-house radioimmunoassays. 
Further details of all these procedures have already been described in chapter 2. 
6.2.4. Statistical analysis 
Urine aMT6s data underwent a computerised cosinor analysis, using a program 
developed by Dr. D. S. Minors at the University of Manchester, which allowed 
acrophase times to be obtained. These were then statistically assessed using a One-
way Analysis of Variance (StatSoft, Tulsa, USA). All the plasma data obtained were 
subjected to Repeated Measures Analysis of Variance using the Statistica package 
(StatSoft, Tulsa, USA). Where appropriate, the exact source of the statistical 
differences was identified, using the Duncan New Multiple Range post hoc test. 
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6.3. RESULTS 
6.3.1. Assessment of body clock status 
The extent of any adaptation of the body clock was assessed using the major urinary 
metabolite of melatonin, aMT6s. The data was divided into the responses following 
the low fat and the high fat pre-meal, so that any effect of preceding diet on the 
adaptation of the body clock could be elucidated. The melatonin acrophase times on 
the day and simulated night shift are shown in figures 6. 2 and 6. 3. A statistically 
significant delay of the circadian clock was found when night shift acrophases were 
compared to day shift acrophases (p<0.05), following consumption of the low fat pre-
meal. No significant differences were found between day and night shift responses 
following consumption of the high fat pre-meal. The peak amplitude levels were 
obtained in a similar fashion, and are illustrated infigures 6.4 and 6.5. No significant 
differences were found between day and night shift responses when these amplitude 
levels were considered. 
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FIGURE 6.2: Acrophase times on day and night shift, following consumption of 
the low fat pre-meal 
0600 
0500 
0400 
f 
0300 
0200 
0100 
0000 
DAY NIGHT 
TYPE OF SHIFT 
Figure 6.2 illustrates the mean acrophase times for the nine midwives (+1-SEM), on 
both day and night shift, following consumption of the low fat pre-meal. A 
statistically significant delay of the circadian clock (p<O. 05) was found on night shift, 
compared to the day shift. 
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FIGURE 6.3: Acrophase times on day and night shift, following consumption of 
the high fat pre-meal 
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Figure 6.3 illustrates the mean acrophase times for the nine midwives (+1-SEM), on 
both day and night shift, following consumption of the high fat pre-meal. No 
statistically significant difference was found. 
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FIGURE 6.4: Amplitude values on day and night shift, foUowing consumption of 
the low fat pre-meal 
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Figure 6.4 illustrates the mean amplitude values for the nine midwives (+1-SEM), on 
both day and night shift, following consumption of the low fat pre-meal. No 
statistically significant difference was found. 
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FIGURE 6.5: Amplitude values on day and night shift, following consumption of 
the high fat pre-meal 
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Figure 6.5 illustrates the mean amplitude values for the nine midwives (+1-SEM), on 
both day and night shift, following consumption of the high fat pre-meal. No 
statistically significant difference was found. 
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6.3.2. Effect of type of shift and pre-meal on mood ratings 
The mean subjective ratings (+/-SEM) for alertness, energy, happiness and calmness, 
on each of the study shifts, are illustrated infigures 6.6, 6. 7, 6.8, and 6.9 respectively. 
To enable clearer viewing of the data, one-way standard error bars (SEMs) were used. 
When the data were subjected to a repeated measures ANOV A, there was a 
statistically significant single-factor (type of shift) effect (p<0.05) when the 
subjective alertness values were considered. When the data were studied in more 
depth, using the Duncan's post hoc test, the night shift responses following 
consumption of the low fat pre-meal were shown to be significantly lower than the 
day shift responses, following both the low-fat pre-meal (p<0.05) and the high fat 
pre-meal {p<O.Ol). In addition, the night shift responses following consumption of 
the high fat pre-meal were significantly lower {p<0.05) than the day shift responses 
following the same meal. 
There was a statistically significant two-factor (time by type of shift) effect (p<O.Ol) 
when the subjective energy levels of the midwives were considered. No statistically 
significant differences were found when the subjective calmness and happiness levels 
were considered. 
Abbreviations utilised on each of the graphs that follow include: 
LFD: Day shift when subjects consumed a low fat pre-meal 
LFN: Night shift when subjects consumed a low fat pre-meal 
HFD: Day shift when subjects consumed a high fat pre-meal 
HFN: Night shift when subjects consumed a high fat pre-meal 
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FIGURE 6.6: Subjective assessment of alertness 
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Figure 6.6 illustrates the mean subjective assessment (+1-SEM) of alertness reported 
by the midwives on each of the four shifts studied A statistically significant single-
factor (type of shift) effect (p<O. 05) was found Post hoc analysis revealed that this 
difference was due to differences between LFN and LFD (p<0.05), LFN and HFD 
(p<O.Ol), and HFN and HFD (p<0.05). 
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FIGURE 6. 7: Subjective assessment of energy levels 
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Figure 6. 7 illustrates the mean subjective assessment (+1-SEM) of energy levels 
reported by the midwives on each of the four shifts studied. A statistically significant 
two-factor (time by type of shift) effect (p<O.OJ) was found. 
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FIGURE 6.8: Subjective assessment of happiness 
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Figure 6.8 illustrates the mean subjective assessment (+1-SEM) of happiness reported 
by the midwives on each of the four shifts studied. No statistically significant 
differences were found. 
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FIGURE 6.9: Subjective assessment of calmness 
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Figure 6.9 illustrates the mean subjective assessment (+1-SEM) of calmness reported 
by the midwives on each of the four shifts studied. No statistically significant 
differences were found. 
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6.3.3. Effect of type of shift and pre-meal on carbohydrate metabolism 
The basal and postprandial responses to the test meal, following both the low fat and 
high fat pre-meal, for glucose, insulin, C-peptide, and GIP, on the day shift and on 
the night shift, are illustrated in.figures 6.10, 6.11, 6.12, and 6.13 respectively. All 
the data were subjected to a repeated measures ANOVA. No statistically significant 
differences were observed for any of the parameters considered. 
In addition, the basal values obtained (time-point 0) were subjected to a One-Way 
ANOVA, followed by a Duncan's post hoc test when appropriate. No significant 
differences were found when the data for glucose, insulin and C-peptide were 
considered. Significant differences were found when the GIP data (p<O.OOl) were 
considered. The GIP basal levels were significantly higher on the night shift, 
following both pre-meals, compared with the daytime levels (LFN vs LFD: p<0.005, 
LFN vs HFD: p<O.OOl, HFN vs LFD: p<0.05, HFN vs HFD: p<O.Ol). 
Abbreviations utilised on each of the graphs that follow include: 
LFD: Day shift when subjects consumed a low fat pre-meal 
LFN: Night shift when subjects consumed a low fat pre-meal 
HFD: Day shift when subjects consumed a high fat pre-meal 
HFN: Night shift when subjects consumed a high fat pre-meal 
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FIGURE 6.10: Basal and postprandial glucose responses 
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Figure 6.10 illustrates the mean basal and postprandial glucose responses to the test 
meal (+1-SEM), following both the low fat and the high fat pre-meal, on the day shift 
and the night shift. No statistically significant differences were found. 
6-18 
FIGURE 6.11: Basal and postprandial insulin responses 
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Figure 6.11 illustrates the mean basal and postprandial insulin responses to the test 
meal (+1-SEM), following both the low fat and the high fat pre-meal, on the day shift 
and the night shift. No statistically significant differences were found. 
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FIGURE 6.12: Basal and postprandial C-peptide responses 
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Figure 6.12 illustrates the mean basal and postprandial C-peptide responses to the 
test meal (+1-SEM), following both the low fat and the high fat pre-meal, on the day 
shift and the night shift. No statistically significant differences were found 
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FIGURE 6.13: Basal and postprandial GIP responses 
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Figure 6.13 illustrates the mean basal and postprandial GIP responses to the test 
meal (+1-SEM), following both the low fat and the high fat pre-meal, on the day shift 
and the night shift. No statistically significant differences were found when the 
postprandial values were considered. However, the GIP basal levels were 
significantly higher on the night shift, following both pre-meals, compared with the 
daytime levels (LFN vs LFD: p<0.005, LFN vs HFD: p<O.OOJ, HFN vs LFD: 
p<0.05, HFNvs HFD: p<O.Ol). 
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6.3.4. Effect of type of shift and pre-meal on lipid metabolism 
The basal and postprandial responses to the test meal, following both the low fat and 
high fat pre-meal, for TAG and NEF A, on the day shift and the night shift, are 
illustrated infigures 6.14 and 6.15 respectively. 
No statistically significant differences were found when the TAG data were analysed, 
although there was a trend towards higher postprandial TAG levels at night, 
compared with during the day, following consumption of the high fat pre-meal 
(p<O.l ). When the NEF A data were considered, a statistically significant single-
factor (type of shift) effect was found (p<O.Ol). When the data were analysed in 
more detail, significantly lower postprandial NEF A levels were found on the night 
shift, following a low fat pre-meal, compared with on the day shift, when the 
midwives had consumed both the low fat (p<O.OS) and the high fat pre-meal 
(p<O.OO 1 ). A trend towards lower postprandial NEF A levels was also found on the 
night shift, following a high fat pre-meal, compared with on the day shift, when the 
same pre-meal had been consumed (p<O.l). 
In addition, the basal values obtained (time-point 0) were subjected to a One-Way 
ANOV A, followed by a Duncan's post hoc test. No significant differences were 
found when the data for TAG were considered, but a significant difference in the 
NEFA data was found (p<O.OOS). This was due to elevated basal NEFA levels 
following the high fat pre-meal (HFD vs LFD: p<O.OOS, HFD vs LFN: p<O.OOl, HFN 
vs LFD: p<0.05, HFN vs LFN: p<O.OS). 
Abbreviations utilised on each of the graphs that follow include: 
LFD: Day shift when subjects consumed a low fat pre-meal 
LFN: Night shift when subjects consumed a low fat pre-meal 
HFD: Day shift when subjects consumed a high fat pre-meal 
HFN: Night shift when subjects consumed a high fat pre-meal 
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FIGURE 6.14: Basal and postprandial TAG responses 
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Figure 6.14 illustrates the mean basal and postprandial TAG responses to the test 
meal (+1-SEM), following both the low fat and the high fat pre-meal, on the day shift 
and the night shift. No statistically significant differences were found, although there 
was a trend towards elevated night-time TAG levels, following consumption of the 
high fat pre-meal (HFN vs HFD: p<O.l). 
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FIGURE 6.15: Basal and postprandial NEF A responses 
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Figure 6.15 illustrates the mean basal and postprandial NEF A responses to the test 
meal (+1-SEM), following both the low fat and the high fat pre-meal, on the day shift 
and the night shift. A statistically significant single-factor (type of shift) effect 
(p<O.OJ) was found. Post hoc analysis revealed that this effect was due to differences 
between LFN and LFD (p<0.05), and LFN and HFD (p<O.OOJ). In addition, 
elevated basal NEF A levels were found following the high fat pre-meal (HFD vs 
LFD: p<0.005, HFD vs LFN: p<O.OOJ, HFN vs LFD: p<0.05, HFN vs LFN: 
p<0.05). 
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6.4. DISCUSSION 
6.4.1. Assessment of body clock status 
The melatonin acrophase data was somewhat varied, with some of the midwives 
having acrophase times suggestive of a small delay of the body clock on night shift 
compared to day shift, whilst others showed a small advance. Overall, a delay of the 
body clock on night shift compared to day shift, following consumption of the low fat 
pre-meal, was the only statistically significant difference found. No significant 
differences were found when the amplitude values on day and night shift were 
compared. 
The lack of a significant shift of the circadian clock on the first night of a new night 
shift system would be expected when considering a number of studies conducted 
previously (Touitou et al, 1990; Roden et al, 1993; Barnes eta/, 1998). 
6.4.2. Effect of type of shift and pre-meal on mood ratings 
When considering the subjective alertness and energy levels of the midwives during 
each of their shifts, there was a decline in both parameters at approximately 4am on 
the night shift, when the low fat pre-meal had been previously consumed. There was 
no such decline observed at the comparable point of the day shift, as would be 
expected when considering the lrnown circadian rhythm of mood noted previously 
(Akerstedt et al, 1977; Folkard et al, 1978). When the high fat pre-meal had been 
consumed, the alertness and energy ratings were lower throughout the night shift, 
when compared to the equivalent times on the day shift. It was interesting to note the 
apparent 'alerting'/'energising' effect of the high fat pre-meal, compared with the low 
fat pre-meal, as indicated by the fact that both the day shift and night shift profiles 
following the high fat pre-meal were higher than the equivalent profiles following the 
low fat pre-meal. 
The subjective ratings of happiness and calmness showed similar profiles to those 
observed when alertness and energy levels were considered, although the differences 
did not reach significance. One noticeable difference from these latter two mood 
ratings was the more limited variability recorded by the midwives during each shift, 
so that no individual mood rating fell below 50% of the maximum for either 
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happiness or calmness. As being calm and cheerful are two important aspects of 
midwifery, it could be argued that the midwives may have been unwilling to admit to 
being especially unhappy or flustered whilst on shift, thus producing an 
underestimation of the night-time decline in these mood ratings. 
6.4.3. Effect of type of shift and pre-meal on carbohydrate metabolism 
As expected, the profiles of both the glucose and insulin postprandial responses were 
similar. In both cases, a higher peak was reached one hour after consumption of the 
test meal, regardless of shift-type, when the high fat pre-meal had been consumed 
previously, compared to the low fat one. Whilst there were no statistically significant 
differences in either insulin or glucose responses during the period 4-7 hours 
following the test meal, there was certainly a trend towards higher levels of both 
parameters on the night shift, compared with during the day shift. In addition to 
possible insulin resistance at night, it is important to realise that only a small elevation 
in insulin levels is required to suppress hormone-sensitive lipase, and thus have an 
effect on lipid metabolism. When considering the GIP results, the basal levels were 
clearly lower on the day shift, compared with on the night shift, regardless of the pre-
meal consumed. This seems to suggest that gastric emptying may be slower at night-
time compared with during the day. It is possible that some differences in 
postprandial responses between the day and night shift were not observed because of 
the limited number of blood samples taken. 
6.4.4. Effect of type of shift and pre-meal on lipid metabolism 
Based on the findings of the simulated studies previously discussed, it was surprising 
to find no elevation in postprandial TAG responses at night, compared to during the 
day, when the midwives had consumed a low fat pre-meal. There are several possible 
explanations for this somewhat unexpected fmding. Firstly, when considering the 
nature of this study, it was clearly far less controlled than any of the simulated trials, 
as the midwives were working normally in between blood sampling times. As the 
nature of their work will vary from shift-to-shift, it is certainly likely that the 
midwives would have been exposed to a variety of light intensities during the course 
of their work, as well as a variety of activity levels. Secondly, females may be less 
susceptible to the elevated night-time postprandial TAG responses, than males 
(LaRosa, 1997). 
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There was nevertheless a trend towards an elevation of postprandial TAG levels at 
night-time, compared with during the day, following consumption of the high fat pre-
meal, although the mean night-time TAG level only just reached the 1.5mmol/l 
threshold regarded as important when considering CHD risk (Griffin, 1998). 
When a low fat pre-meal had been consumed, the basal NEF A levels on the day and 
night shift were very similar. One hour after consumption of the test meal, the NEF A 
levels had decreased on both of the shifts, as would be expected because of the 
suppressive action of insulin on hormone-sensitive lipase following a carbohydrate-
containing meal. On the day shift, there followed an increase in NEF A levels, with 
the original basal level being reached approximately five hours after the test meal. 
The levels continued to rise after this time, presumably moving towards the normal 
fasting level. On the night shift, NEF A remained suppressed when measured four 
hours postprandially, before increasing to the original basal level by seven hours after 
the test meal. This increased length of postprandial NEF A suppression, and the 
increased time to return to basal level, correlates well with the increased 4-hour 
postprandial insulin levels at night, compared with during the day, as already 
mentioned. 
When a high fat pre-meal had been consumed, the basal NEFA levels on the day and 
night shift were similar, although both somewhat higher than the basal levels after the 
low fat pre-meal. The postprandial pattern following consumption of the high fat pre-
meal was comparable with that after a low fat pre-meal had been consumed. On both 
shifts, there was an initial decrease in NEF A levels within one hour of consumption 
of the test meal. On the day shift, this was followed by a relatively rapid increase in 
levels, but on the night shift, the duration of postprandial NEF A suppression was 
increased, and the original basal levels had not been reached before the end of the 
seven-hour sampling period. This seems to suggest a decrease in insulin sensitivity at 
night-time, compared to during the day. 
6.4.5. Summary 
Nine female midwives were studied whilst they were working shifts at a local 
hospital. Hormonal and metabolic responses to a test meal consumed whilst 
performing day and night shifts were compared, and the effect of the nutritional 
content of the pre-meal was investigated. As would be expected, subjective alertness 
was found to be significantly higher on the day shift. Few significant differences in 
carbohydrate responses were found, although basal GIP levels were lower on the day 
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shift, irrespective of which pre-meal had been consumed previously. There was a 
trend towards elevated postprandial TAG levels when the test meal was consumed on 
the night shift, and there was also a marked decrease in the rate at which NEF A 
returned to basal levels on the night shift. 
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CHAPTER 7 
GENERAL DISCUSSION AND CONCLUSIONS 
7.1. DIFFERENCES IN THE RESPONSES FOUND ON DAY AND NIGHT 
SHIFT 
7.1.1. Mood 
Both the subjects in the simulated night shift study (chapter 4) and the midwives 
(chapter 6) reported statistically lower alertness levels at night-time, compared with 
during the day, as would be expected when considering the nocturnal decline of 
alertness reported elsewhere (Akerstedt et al, 1977; Folkard eta/, 1978). The content 
of the pre-meal apparently affected the night-time alertness levels. Following 
consumption of a low fat pre-meal, the alertness levels remained similar to those 
reported by the same subjects on the day shift until approximately 0400h, before 
decreasing significantly in the second half of the night. Foil owing consumption of a 
high fat pre-meal, the alertness levels were lower throughout the entire night shift, 
when compared to those reported by the same subjects during the day shift. 
However, both daytime and night-time alertness levels were higher following 
consumption of the high fat pre-meal, compared with when the subjects had 
consumed the low fat pre-meal. This seems to indicate that the high fat pre-meal had 
an "alerting" effect, when compared with the low fat pre-meal. 
The subjective assessment of energy levels, happiness and calmness showed similar 
trends to the alertness ratings, although the differences observed in these variables 
were less significant and less reproducible throughout the work presented in this 
thesis. Overall, when considering the assessment of subjective mood, it appears that 
of all the parameters utilised, alertness was the most sensitive indicator of change. 
7.1.2. Carbohydrate responses 
No differences were found between day and night-time glucose responses in any of 
the studies when a low fat pre-meal was consumed by the subjects. However, in 
some of the work presented here (chapter 4) and work conducted previously in this 
laboratory (Hampton et a/, 1996), when a high fat pre-meal was consumed, 
significantly elevated night-time glucose responses were found. A very similar 
pattern was observed when the insulin data were considered. The existence of a 
diurnal rhythm of insulin resistance has been widely reported elsewhere (Carroll and 
Nestel, 1973; Service et al, 1983; Van Cauter et al, 1992; Lee et al, 1992; Owens et 
al, 1996), with greater insulin resistance at night-time. Such a diurnal rhythm could 
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therefore account for the elevated night-time glucose and insulin responses found 
following consumption of the high fat pre-meal. However, as mentioned previously, 
no such differences were found between day and night-time responses following 
consumption of the low fat pre-meal. Several studies have reported no change in 
glucose and insulin responses to a meal at different times of day (Malherbe et al, 
1969; Ahmed et al, 1976), but this may have more to do with the timing of the meals, 
as the latest meal investigated was consumed during the late afternoon. It is known 
that alterations to the size and composition of the meal investigated can modify the 
diurnal rhythm of insulin. Both increasing the size of the meal (Service et al, 1983), 
and increasing the carbohydrate content of the meal (Nuttall et al, 1985) increases the 
insulin resistance observed when the meal is consumed in the latter part of the day. 
However, the test meal for both the low fat and high fat pre-meal studies considered 
in this thesis was identical. It has also been reported that postprandial insulin 
resistance can be influenced by the nutrient composition of the previous meal 
(Service et al, 1983; Frape et al, 1997). This might account for the fact that the 
diurnal rhythm in insulin resistance was absent with a low fat pre-meal. 
In the simulated night shift study (chapter 4), lower postprandial GIP responses were 
found at night, compared with during the day, following consumption of both the low 
fat and the high fat pre-meal. A possible explanation is that the subjects were 
showing delayed gastric emptying at night, compared with during the day (see figure 
7.1). Such a phenomenon has been reported elsewhere (Goo et al, 1987). No 
differences were observed when day and night shift responses were compared in the 
midwives. However, it should be noted that if the simulated study had only utilised 
samples at 1, 4 and 7 hours postprandially (as in the midwives study), then no 
differences would have been observed in this study either. The fact that no 
differences were observed in the GIP data from the simulated phase shift study 
(chapter 3) may be due to differences in the timing of the test meal. In the phase shift 
study, the immediate post-shift test meal was consumed at a body clock time of 
approximately 2130h, whilst in the simulated night shift study, the test meal was 
consumed at a body clock time of approximately 0130h. Therefore, it is possible that 
differences in the rate of gastric emptying are not observed until later in the night. 
7.1.3. Lipid responses 
Significantly elevated night-time postprandial TAG levels were found in the 
simulated phase shift study (chapter 3) and the simulated night shift study (chapter 
4). This was the case following consumption of both the low fat and the high fat pre-
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meal. These raised night-time TAG levels may have been due to increased insulin 
resistance at night, or delayed gastric emptying at night, or a combination of both of 
these factors. Insulin activates lipoprotein lipase, a key regulatory enzyme in 
circulating TAG clearance, so if the subjects are more insulin resistant at night, as 
suggested by the elevated night-time insulin responses following consumption of the 
high fat pre-meal, then the TAG may be cleared from the circulation at a slower rate. 
Alternatively, if gastric emptying is slower at night, as suggested by the lower night-
time GIP levels found, then this might also account for the slower clearance of TAG 
from the circulation. 
Another interesting aspect of the TAG results obtained was the different postprandial 
profiles observed following either the low fat or the high fat pre-meal. When the 
subjects had consumed the low fat pre-meal, the TAG levels rose gradually through 
the night, reaching a peak approximately five hours after the test meal. When the 
subjects had consumed the high fat pre-meal, the TAG levels rose rapidly, peaking 
within 90 minutes and remaining at this level for approximately four hours, before 
falling again. An early peak in TAG concentrations has been reported elsewhere, 
when a mixed meal was consumed five hours after a high fat breakfast (Fielding et al, 
1996). It was shown that the CM-TAG in this early peak was predominantly from the 
frrst meal, which is consistent with the data presented here. 
Compared with during the day, the postprandial NEF A responses immediately post-
phase shift (chapter 3), on the simulated night shift (chapter 4) and on the real night 
shift (chapter 6) were all significantly slower to return to basal levels. Once more, 
this was suggestive of increased insulin resistance and/or delayed gastric emptying at 
night/post-phase shift. 
7.2. THE EFFECT OF SLEEP ON NIGHT-TIME POSTPRANDIAL 
RESPONSES 
Broadly speaking, sleep was found to have two major effects. In the simulated night 
shift study, a pre-shift sleep significantly lowered the night-time TAG levels, in a 
similar way to bright light exposure (see section 7.3). Secondly, it appeared that 
without the pre-shift sleep, the night-time GIP response remained at a level similar to 
that found during the day. 
It is known that taking a daytime sleep results in a marked fall in the electrical and 
muscular activity of the gastrointestinal tract (Lavie et al, 1978). Sleep is also known 
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to have an effect on hormone secretions, including growth hormone, prolactin, and to 
a lesser extent, cortisol (Van Cauter et al, 1997). Such hormonal influences may lead 
to alterations in the normal rhythms of glucose and lipid metabolism, and thus 
account for the effects of the pre-shift sleep on the subjects' nocturnal responses. 
7.3. THE EFFECT OF BRIGHT LIGHT EXPOSURE ON NIGHT-TIME 
POSTPRANDIAL RESPONSES 
Unlike sleep, exposure to bright light at night had no effect on the factors associated 
with carbohydrate metabolism considered in this thesis. However, it did have a 
significant effect on some aspects of lipid metabolism. Appropriately-timed bright 
artificial light has been shown previously to phase shift circadian rhythms and 
improve performance, sleep and well-being during shift work simulations. In the 
work presented here, it has been shown for the first time that bright artificial light can 
modify postprandial lipid responses to a night-time meal consumed during a 
simulated night shift. This was particularly apparent when considering the TAG 
responses which, as has already been discussed, are thought by many to be an 
independent risk factor for CHD. It is possible that this effect of light on TAG was 
mediated through its action on melatonin levels. Any such effects of light on 
melatonin appear to have been influenced by the nutritional content of the pre-meal. 
This work promotes the exciting prospect that the increased incidence of CHD found 
amongst shift workers could be reduced, at least in part, by exposing the shift workers 
to bright light during the night shift. 
In addition, bright light exposure elevated night-time alertness levels in the simulated 
night shift study. This would have been expected based on the work of others 
(Eastman et al, 1994 ). 
7.4. SHIFT WORK AND CHD 
When summarising the results obtained, it appears that inappropriate nocturnal 
postprandial responses may provide one explanation for the increased incidence of 
CHD reported amongst shift workers, but the picture is a complicated one, because of 
the many inter-relationships involved. Some of the inter-relationships studied in this 
thesis are shown injigure 7.1. 
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FIGURE 7.1: Possible inter-relationships of CHD risk factors in shift workers 
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Figure 7.1 illustrates some of the inter-relationships which may be responsible for the 
increased CHD risk reported amongst shift workers. 
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Much work is currently being conducted in connection with genetic aspects of 
circadian rhythms. A number of circadian clock genes have recently been identified 
(e.g. per, clock, tim, Bmal) in a number of species including humans (Tei et al, 1997). 
Mutations of such genes may be responsible for variations in human tau, and/or 
circadian rhythm disorders. It follows that the ability of human's circadian rhythms 
to adjust to situations such as jet lag and shift work may be genetically determined. 
Certainly, some people appear to suffer less from jet lag than others, and with 20% of 
shift workers quitting night work within the first month (Costa, 1996), the real 
possibility of genetic intolerance merits investigation. This could explain why the 
postprandial responses of some individuals appear to shift in the opposite direction to 
the majority. In the long term, it may be possible to match individuals with specific 
shift schedules or indeed provide advice as to whether, for a particular individual, 
shift work is contra-indicated. 
7.5. PROBLEMS ENCOUNTERED/POTENTIAL IMPROVEMENTS 
7.5.1. Field studies 
The information gained in the simulated experiments provided the basis for 
implementation of studies in real shift workers. However, the results obtained in the 
field study were more difficult to interpret because of the less controlled nature of the 
trial. The midwives were studied whilst working a shift and both the level of physical 
activity and the light intensity to which they were exposed may have varied 
substantially between shifts. This may be of great importance as both exercise 
(Hardman, 1998) and bright light exposure (see chapter 4) have been linked with 
alterations in postprandial TAG responses. 
It would have been preferable to take blood samples from the midwives at the 14 
time-points utilised in the simulated studies, via an indwelling cannula. However, it 
was impractical for midwives to wear a cannula whilst working, and it was 
considered that four blood samples was the maximum that could be taken by 
venepuncture. It was difficult to assess whether the smaller number of statistically 
significant differences observed in real shift workers were associated with the limited 
number of samples taken from the midwives, or with an overriding influence of other 
factors, such as the activity level of the subjects or the level of light exposure. Recent 
work by Dr. Jon Lund at the University of Surrey (unpublished data), investigating 
the hormonal and metabolic responses of shift workers in Antarctica, has suggested 
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An additional problem was the balance of the studies. For several of the studies, the 
baseline leg was conducted first because of limitations on the availability of the 
Clinical Investigation Unit, and the availability of the subjects. This was particularly 
important for the 'bright light leg', which was conducted several months after the 
other legs of that study. Evidently, this delay may have introduced additional 
confounding variables, such as a potential seasonal effect. 
It would also have been of great interest to directly compare the results obtained 
following consumption of the low fat and the high fat pre-meals. Unfortunately, the 
limited number of subjects investigated, and the fact that the same subjects could not 
take pmt in both studies because of ethical limitations on the amount of blood that 
could be taken from an individual subject, meant that this was not statistically viable. 
that more significant differences are observed in real shift workers when a greater 
number of blood samples are collected. 
7.5.2. Nutritional content of meals 
When this series of studies was begun, three meals were selected which were thought 
to be representative of what real shift workers might consume whilst on shift. The 
"lunch-time" meal chosen was cheese sandwiches, a snack bar and orange juice. The 
two pre-meals selected were scrambled eggs with crispbread (high fat) and toast with 
jam (low fat). These meals have been kept identical throughout this series of shift 
work studies, so that comparisons between the studies could more easily be made. On 
reflection, it would have been appropriate to balance the two pre-meals more 
precisely, as it has been recently suggested that the amount of fibre and the specific 
type of fat present in a meal, may effect the speed of rise of certain hormones 
(Laitinen eta/, 1996). 
7.6. FUTURE WORK 
Due to the continued generous support of the British Heart Foundation, it is possible 
for this research to continue for at least another two years. The frrst objective will be 
to study in more detail the mechanism responsible for the elevated night-time 
postprandial TAG levels, and thus, possibly identify how the bright light exposure is 
having its effects. Lipoprotein lipase (LPL) is a key regulatory enzyme in dietary 
TAG clearance, and some work in a recent University of Surrey PhD thesis 
(Chapman, 1997) has suggested that the activity of this enzyme may be influenced by 
melatonin. As LPL is activated by insulin, increased night-time insulin resistance 
could be associated with lower activity of LPL, and thus, relatively impaired TAG 
clearance. In addition, insulin is also known to suppress VLDL secretion by the liver 
(Sparks and Sparks, 1993), so increased night-time insulin resistance could also be 
associated with higher circulating TAG levels of hepatic origin. By utilising a 
combination of ultracentrifugation and electrophoretic techniques developed recently 
by Dr. Bruce Griffm at the University of Surrey, it is hoped to characterise the TAG-
rich lipoprotein fractions present in the blood at different times of day using a 
constant routine protocol. Thus, the origin of the elevated night-time TAG levels can 
be elucidated. 
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7.6.1. Melatonin administration 
Unfortunately, in real-life shift workers, exposure to sunlight and other time cues may 
decrease the efficacy of light treatment, as indicated in a study utilising daytime 
goggles (Eastman et al, 1994). In addition, occupational responsibilities may make 
bright light treatment impractical. A potential alternative to bright light treatment 
could be melatonin administration. If timed appropriately, exogenous melatonin will 
advance or delay the human biological clock, and also has acute effects on sleep and 
body temperature. Melatonin has been successfully utilised to assist both night shift 
workers and time zone travellers to adapt to phase shift (Arendt and Deacon, 1997). 
It will be important to ascertain whether the acute effects of light on TAG levels are 
mediated by melatonin suppression at night or not. If suppression of melatonin is 
responsible, then a combination of bright light given with exogenous melatonin 
should abolish the effects of light. Either appropriately-timed melatonin 
administration could be given together with bright light exposure, or alternatively, the 
effect of a melatonin antagonist, once available, could be investigated. In addition, 
exogenous melatonin could be used to help the subjects sleep prior to beginning the 
night shift. 
7 .6.2. Sleep 
The data presented in this thesis have suggested that a pre-shift rest period may 
beneficially influence the levels of a number of blood parameters following a night-
time meal, and thus, may also be able to reduce a number of CIID risk factors. Sleep 
has certainly been associated with a decrease in blood pressure, which has been 
shown to be due to sleep itself rather than the actual time of day (Fogari et al, 1997). 
As different stages of sleep have been correlated with different functions, it would be 
interesting to measure sleep in more detail in future studies, using polysomnography, 
to discover whether it is a particular stage of sleep which is associated with the 
alterations in postprandial responses observed. However, this could potentially 
present problems as it would be difficult to ensure that the subjects' sleep was not 
interrupted, because of the increased number of samples that would need to be taken. 
7.6.3. Nutritional content 
Differential responses to a standard test meal found when it was consumed during 
subjective night compared to during the day, depended on the nutritional content of 
the meal eaten six hours prior to the standard test meal. Variations in the test meal 
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have yet to be explored, although evidence from studies in both pigs (Knapper et al, 
1995), where combinations of fat and carbohydrate have been infused intraduodenally 
and humans (Evans et al, 1998) have suggested that the addition of carbohydrate to a 
fat load can hasten postprandial TAG clearance. 
7.6.4. Real shift workers 
The real-life shift worker study in the hospital midwives has already produced a 
number of interesting findings, and it would clearly be desirable, in the long term, to 
put into practice some of the potentially helpful adaptive techniques that have been 
studied in simulated conditions. However, before this is done, it is first vital that the 
mechanisms involved are understood more fully. 
7.7. FINAL CO:MMENTS AND CONCLUSIONS 
Shift work is becoming more and more commonplace, as businesses seek to minimise 
"down-time" and maximise profit. This trend seems certain to continue in the future, 
and thus, much scientific research is being focused on the potentially detrimental 
effects of shift work. Shift workers have been shown to suffer from disturbances to 
their social lives, as well as being at an increased risk of developing a variety of 
health disorders, including depression, gastrointestinal and cardiovascular problems. 
The work reported in this thesis has primarily concerned the cardiovascular 
implications of shift work. It is now generally accepted that shift workers have a 
greater risk of developing coronary heart disease, but what is not fully understood, is 
how this increased risk might be mediated. Suggestions proposed previously include 
an elevation of the stress levels endured by shift workers, and increases in some of the 
more well-established CHD risk factors, such as smoking and alcohol consumption. 
Whilst these hypotheses may provide a partial explanation, other factors are certainly 
important. The work in this thesis has shown, for the first time, that shift workers 
demonstrate inappropriate hormonal and metabolic responses to a nocturnal meal, 
which leads to an elevation in certain CHD risk factors, particularly TAG and insulin. 
These observations provide an alternative way in which shift work may convey .an 
increased risk of CHD development. In figure 7. 2, the author attempts to incorporate 
this hypothesis into an overall scheme of CHD development in shift workers. 
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FIGURE 7.2: An overall scheme of why there is an increased incidence of CHD 
development in shift workers 
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Figure 7. 2 provides an overall scheme to explain why there is an elevated incidence 
of CHD development in shift workers. 
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In addition, and also for the ftrst time, the work in this thesis has indicated three ways 
in which these nocturnal hormonal and metabolic responses may be influenced. 
These are exposure to bright light during the night shift, the presence of a pre-shift 
rest period prior to commencing the night shift, and alteration of the nutritional 
content of the meal consumed prior to commencing the night shift. Probably the most 
exciting discovery made was that an 8-hour period of exposure to bright light could 
significantly lower the elevated postprandial TAG levels found on the night shift 
following consumption of the low fat pre-meal, compared with the day shift. With 
elevated TAG levels being a known CHD risk factor, and bright light exposure 
relatively simple to implement, this may, in the future, provide an easy method of 
reducing the risk of CHD development in shift workers. One potential problem is 
that exposure to bright light may hasten adaptation to a new shift schedule, and whilst 
this may be desirable in slow-rotation shift patterns, it is not so desirable in fast-
rotation patterns. With much research still required, it already seems likely that the 
best solution for shift workers, in respect of their risk of CHD development, will 
involve a combination of timed sleep, bright light and dietary control. 
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